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Southampton Docks Reconstruction 
eme 


From 1920 until the beginning of the last war 
an area of the Southampton docks, known as the 
“ Peninsula,” served the requirements of the 
Union Castle Line. However, the increasing 
size of the ships and their greater carrying 
capacity rendered the accommodation at the 
Peninsula inadequate, and the introduction of 
even larger ships after the war made it impera- 
tive that improvements should be effected. 
To facilitate the discharge and loading of South 
African traffic and to maintain the weekly turn- 
round schedule of the Union Castle Line it is 
proposed to reconstruct the cargo and passenger 
accommodation at berth 102, Southampton 
docks. The new building, which, it is esti- 
mated, will cost £900,000, will replace one 
destroyed during the war and will be a two- 
storey structure, 931ft long by 162ft 6in wide 
and 55ft high to the main ridge. Reinforced 
concrete piles will support the steel-framed 
structure of continuous welded design and the 
walls will be of brick cavity construction, while 
lightweight material will be used for the roof. 
The ground floor will be used for the clearance 
of passengers and their baggage through the 
Customs, and at the eastern end a large waiting 
hall is planned, while along the northern side 
will be a rail island platform and at the western 
end a road traffic loading dock. Offices for the 
various staffs will occupy a mezzanine floor 
above the waiting hall. Cargo will be handled 
in a space measuring 931ft long by 108ft wide 
at first-floor level. Along the south side of this 
will be an open landing platform, 34ft 6in wide, 
and on the north side an enclosed loading bay 
equipped with four electric traversing ' hoists 
for loading direct into railway wagons at ground 
level. Visitors will be accommodated on a bal- 
cony having direct access from the quay. It is 
hoped to commence work this year, provided 
that materials and labour are available and that 
approval is given by the Minister of Transport. 


Forest Products Research 


TuE latest report of the Forest Products 
Research Board was published at the end of 
last week by H.M. Stationery Office. It deals 
with the year 1950 and summarises the work 
done at the Forest Products Research Labora- 
tory, Princes Risborough, Bucks, under the 
general direction of Dr. F. Y. Henderson. The 
research programe included investigation into 
wood structure, physics, seasoning, bending, 
the mechanics of timber, woodworking, wood 
preservation, deterioration and decay of timber, 
and entomology. The progress made in ail 
the researches is recorded in the report. Among 
the examples of the work carried out by the 
laboratory, the report mentions that service 
trials with railway sleepers at. a number of 
sites on the main line tracks of British Railways 
have now been in. progress for fifteen years or 
so, and in 1950 a complete inspection was made. 
The experiment, the ‘report says, has three 
main objects, namely, to find the most effective 
process for creosoting sleepers, to determine the 
main causes of deterioration of sleepers in the 
track, and to ascertain the suitability of 
certain home-grown timbers for sleepers. So 
far, the indications are that all the methods of 
creosoting which have been tested have been 
adequate for preserving the sleepers against 
fungal decay in their present conditions, and 
that their ultimate life will be determined by 
mechanical breakdowns and not by decay. 
According to the report, the mechanical defects 
that develop in service include bad splitting, 
chair cutting and gauge spreading, and if any 
improvement in the life of sleepers is to be 
obtained ways must be found of reducing the 





incidence of those defects. Experiments have 
shown that heavy splitting, which is a pro- 
minent cause of failure, can be greatly reduced 
by incising. It is also clear, the report adds, that 
any improvement in the preservation of sleepers 
will involve the use of a preservative which, as 
well as preventing decay, affords protection 
against weathering and mechanical degrade. 


East African Railway and Harbour 
pansion ol 
A STATEMENT issued by the Colonial Office 
last Friday announced that discussions on the 
expansion of East Africa’s railways and har- 
bours have been taking place in London 
between the chairman of the East African High 
Commission, Sir Philip Mitchell; the Com- 
missioner for Transport, Sir Reginald Robins ; 
the Secretary of State for the Colonies, Mr. 
Oliver Lyttelton ; and the Minister of State for 
Colonial Affairs, Mr. A. T. Lennox-Boyd. The 
object was to ascertain how, in view of the 
present economic situation of the United 
Kingdom and the sterling area, steps could 
be taken to ensure that the East African 
Railways and Harbour Administration could 
have access to sufficient capital finance and 
equipment to enable the services to keep pace 
with the rapid development of the East African 
territories. It was stated that, in 1951, the 
volume of traffic handled by the East African 
railways and harbours was 113 per cent greater 
than in 1939, and that, over the same period, 
the volume of cargo worked per lineal foot of 
quay at Mombasa increased by 55 per cent. In 
the seven years ending December 3lst next, 
capital expenditure would have amounted to 
just under £40,000,000 for new construction 
and re-alignments, new harbour facilities and 
equipment, rolling stock and plant. Neverthe- 
less, the statement continued, when current 
development plans came into full production it 
would be difficult to move the resulting goods 
and produce unless further steps were taken 
immediately to increase the capacity of the 
harbours and railways. As a result of the dis- 
cussions, a bill seeking to obtain cuthority for 
the ultimate raising of a loan of approximately 
£30,000,000 is to be introduced into the East 
African Central Legislative Assembly, and 
arrangements have been made to find the short- 
term finance to enable certain works at the 
Port of Mombasa to be put in hand at once. 
The statement said that agreement had been 
reached to go ahead vigorously with major 
railway and harbour expansions. There would 
be many years of continuous expansion to serve 
a continuously expanding economy. 


Machine Tool Trades Association 
Dinner 


Last Tuesday, March 25th, the Machine Tool 
Trades Association held its annual dinner at the 
Dorchester Hotel, London. The toast list was 
commendably short. Mr. Robert W. Asquith, 
President of the Association, proposed the toast 
of “ The Guests.”” The reply by Sir Frederick 
Handley Page was mainly light-hearted. He 
ended his speech, however, on a more serious 
note, remarking that it seemed a sad reflection 
that still some 60 per cent of university students 
were studying in arts and not in science and 
engineering. Ours was a new Elizabethan Age, 
offering great opportunities in the new experi- 
mental sciences. It was important, therefore, 
to inoculate youth between the ages of seventeen 
and twenty-two with the right attitude to the 
jobs they would have to undertake. There 
should be a proper mixture of cultural and 
practical instruction. Sir Archibald Rowlands 
proposed the toast of “‘The Machine Tool 
Trades Association.” In a reference to the 


forthcoming Machine Tool Exhibition he re- 
marked that the four-year period between such 
shows gave time for real development to take 
place, so that the show did not merely reflect 
changing fashions in machine tool design. He 
congratulated the Association on its courage 
in holding an exhibition in Canada recently and 
remarked that that courage had won British 
machine tool manufacturers a place in that 
market, from which it would now be difficult to 
displace them. Sir Greville Maginess replied. 
He said he believed the Association was unique 
in this country in representing importers as well 
as manufacturers. The Association now repre- 
sented 122 manufacturers, 47 importers, 21 
woodworking ‘machine tool makers, and 121 
firms making allied products. 


Agricultural Tractor and Implement 
Tyres 

At a general meeting of the Institution of 
British Agricultural Engineers, which was held 
in London last Tuesday afternoon, Mr. M. A. 
Wilson presented a paper dealing with the 
development of agricultural tractor and imple- 
ment tyres. Just over twenty years ago, he 
said, no farm tractors or implements had been 
fitted with pneumatic tyre equipment, whereas 
now approximately 98 per cent of the wheel 
tractors produced and many thousands of new 
and used implements were rubber-tyred. In 
the short time of five or six years, Mr. Wilson 
continued, extensive research and _ testing 
carried out by universities, engineering societies 
‘and rubber and vehicle manufacturers had 
established the important fundamentals of 
pneumatic tyre use in farm operations. Tyre 
shape, construction and design details had been 
studied, and many changes had been made 
which, it could be claimed, had increased the 
efficiency of tyres for farm work and, at the 
same time, had kept costs of tyre and rim 
equipment within practicable limits. In the 
course of his paper, Mr. Wilson remarked that 
the lug bar or bar tread pattern for rear tractor 
tyres was now generally used for farm work. 
For implements, a continuous rib pattern tyre 
had become general for free rolling wheels, with 
a bar tread tyre for traction wheels. 


Institute of Marine Engineers 
Annual Report 

Amonec the items mentioned in the annual 
report of the Institute of Marine Engineers is 
the election to honorary membership of Vice- 
Admiral E. L. Cochrane, K.B.E., U.S.N., for 
his services to this country during the last war, 
and Mr. B.C. Curling for his long service as 
secretary to the Institute. - A table and chart 
indicate the changes in the roll of member- 
ship, the total at the end of 1951 being 6711, 
representing an overall increase of 277 during 
the year. A new local section was formed on 
September 27th last, at Kingston upon, Hull, 
and another announcement states that Lord 
Howard de Walden has accepted nomination 
for election as president. The report sets forth 
the various activities of the council and of the 
committees and includes reports from the 
members representing the Institute on outside 
committees. The comments of the council on 
the report of ‘The Future Development of 
Higher Technological Education,” which was 
received from the National Advisory Council 
on Education for Industry and Commerce, are 
given. A summary of the activities of the 
local sections and of the Southern Junior 
Branch are briefly noted, and it is announced 
that a history of the Institute is to be prepared 
and that Mr. B. C. Curling has been com- 
missioned to undertake this work. The report’ 
concludes with a statement of accounts. 
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The Design of Glass Vacuum Chambers 
of Elliptic Cross Section 


S. J. MORRISON, B.Sc., A.M.I.E.E.* 


Employment of glass as the material for the construction of toroidal vacuum 
chambers used in betatrons and synchrotrons gives rise to interesting engineering 
problems. The determination of a suitable wall thickness for the vacuum chamber 
is important. The analysis of stress in a hollow ring presents obvious difficulties, 
but the author makes an “‘ engineering” approximation by considering the stress in a 
long, straight cylinder of elliptic section. Some comparisons of calculated and 


experimental results are given. 


_ construction of the large electrical 
machines now ‘being used as particle 
accelerators in nuclear physics research, 
raises some novel and interesting engineering 
problems. One problem arises from the 
employment of glass as a material for the 
construction of the toroidal vacuum chambers 
or “doughnuts” used in betatrons and 
synchrotrons, in which the particles are 
accelerated in a circular orbit. The toroids 
are usually of non-circular section, so that a 
large cross-sectional area can be accom- 
modated in a relatively small air gap between 
the magnet poles (see Fig. 1). The cross 
section frequently conforms closely to a true 
ellipse. The determination of a suitable 
wall thickness for the vacuum chamber is a 
problem of some importance, for if the wall 
is unnecessarily thick the vertical aperture 
of the chamber is constricted and the per- 
formance of the machine is adversely 
affected!; and if the wal] is too thin the 
chamber may collapse. The latter event is a 











FIG. 1—VERTICAL SECTION OF BETATRON 


serious inconvenience, since replacement of 
the toroid usually requires some major 
dismantling of the machine. 

The analysis of stress in a hollow ring 
presents obvious difficulties, but a good 
engineering approximation can be made by 
considering the stress in a long straight 
cylinder of the same cross section. The 
orbit diameter is usually large compared 
with the cross-section dimensions. 

It will be assumed that the cylinder is 
formed by a process which shapes the outer 
surface to a true ellipse, and that the wall 
is uniform and of even thickness at all points. 
End effects will be neglected, i.e., the cylinder 
is assumed to be of infinite length. The glass 
is assumed to be fully annealed, and free 
from residual stress. - 


Stress SysTEM 


Under the action of external pressure, 
the elliptic section tends to change to an 
ellipse of greater eccentricity (see Fig. 3). 
Bending stresses are set up in the walls of 
the cylinder and, in addition, there are 
crushing stresses due to the total external 
pressure across any section of the cylinder. 





*Research Laboratory, British Thomson-Houston 


Company, Ltd., Rugby. 


Shear stresses are also present. The stresses 
in a section of the wall in a typical case are 
shown in Fig. 2. 

The bending stress and the crushing stress 
will be considered together, and it will be 
shown that the resultant tensile stress at 
the outer surface of the wall, on the major 
diameter, is the critical stress affecting 
design. 

Bending Stress——The bending moment 
at any point in the cylinder wall can be 
calculated by a method described by W. S. 
Brown.? Briefly, the method consists of 
examining the equilibrium of a section AQ 
of the cylinder wall (see Fig. 3), under the 
action of the applied pressure on the arc 
AQ, and the bending moments, hoop stress 
and shear stress, at A and Q. By taking 
moments about Q, the bending moment at 
Q is related to the bending moment and 
hoop stress at A, and to the applied pressure 
P. The gradient of the ellipse at A and B 
remains unaltered by the deflection, from 
which it follows that the line integral of 
bending moment along the arc AQB is zero. 
This leads to a relation between the bending 
moment at A and the applied pressure P, 
involving the dimensions of the ellipse, 
which simplifies to the following expression : 


ua |1-4(5) (5 +1)] - vite 


where 


M ,=bending moment at A, 
P=applied pressure, 
D=major diameter of ellipse, 
d=minor diameter of ellipse, 
kK and E=Legendre’s complete elliptic integrals 
of first and second kind.* 


A similar expression can be derived for 
the bending moment at B : 


wel) G4]. 


The bending moments at A and B are 
maxima of opposite sign, and the moment 
at A is the larger, numerically. The variation 














(@) LINEAR DISTRIBUTION OF BENDING STRESS ASSUMED. 
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of bending moment in the other thn 
quadrants is identical, since the section jg 
symmetrical about the origin. 

The stress in the wall due to these bendj 
moments will be a maximum at the inne 
and outer surfaces. Assuming linear streg 
distribution, the stress at the surface result; 
from a bending moment M on a section of 
unit width and depth w will be : 


P= t 6M /w* . 


From the values for 
above, we get : 


(3) 


M, and M ;, given 


Maximum bending stress at A 
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Maximum bending stress at B 
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More simply, 


Maximum bending stress at A 
=+$P(Diw)B . . . (6) 
Maximum bending stress at B 
=+4P(D/w)*y . . . . (7) 
where 8, y, are functions of (d/D) which have 


been evaluated for d/D 
41 (see Table I). 


in the range (4d/D 


Tasie I 

d/D B ? 

0-0 ee eee - 0-500 
0-1 Sis LR: chad Salaee = hie ite 0-505 
0-2 pig, Oe” see .. =0-519 
0-3 ee | ee --» 0-523 
0-4 soc  OOFSD sc. --. 0-510 
0-5 so OOM O45 
0-6 woe O84) ..5. --» 0-421 
0-7 nor: EEE: Se +» 0-347 
0-8 soe / OcReO *<.. --» 0°256 
0-9 «: SORE <i - 0-139 
1-0 0-000 0-000 


At the major diameter the stress will be 
tensile (denoted by a positive sign) at the 
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FiG. 3—DISTORTION OF ELLIPSE 
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outer surface and compressive (negative 
sign) at the inner surface, and vice versa at 


the minor diameter. 


Resultant Stress—The direct compressive 


stress due to the total 


pressure across the 
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(6) HYPERBOLIC DISTRIBUTION OF BENDING STRESS ASSUMED. 


These varations refer to a section of the wall on the major diameter of an elliptic cylinder proportion 
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FIG. 2—VARIATION OF STRESS ACROSS A SECTION OF THE WALL 
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major and minor diameters will be distributed 
yniformly across the wall, and will be 
—PP/2w at A, and —Pd/2w at B. 
The total resultant stresses will therefore 
be: : 

At the outer surface, major diameter : 


P DfD 
As - Wee" Cin a 


At the inner surface, major diameter : 


P D(D 
Ree he 


At the inner surface, minor diameter : 


PTD: @ 
Pa=3° ww D 


At the outer surface, minor diameter : 
6 ae ft 
Mn 3S Ae Dl): 


Stress LIMIts 


(10) 
(11) 


Failure of glassware in practice is 
invariably due to tensile rather than com- 
pressive stress. The tensile strength of 
massive glass lies between 4kg per square 
millimetre and 7kg per square millimetre, 
and it is usual to take a figure of lkg per 
square millimetre as a safe working stress 
in glass design. This gives a factor of safety 
of four plus. It has not been considered 
wise to ignore the compressive stress alto- 
gether, and a limit of 5kg per square milli- 
metre has therefore been adopted for com- 
pression. This limit could probably be 
exceeded without danger. Higher com- 
pressive stresses are found in practice. For 
example, tempered plate glass may be 
stressed as high as 13kg per square milli- 
metre.* 

The tensile stress will be examined first, 
and the minimum wall thickness which is 
required to keep the tensile stress below lkg 
per square millimetre will be determined. 
The compressive stress will then be examined 
to determine whether any increase in wall 
thickness is necessary to keep the com- 
pressive stress below 5kg per square milli- 
metre. Finally, it will be shown that the 
shear stress is negligible in a cylinder which 
is designed to these limits of tensile and 
compressive stress. 

Tensile Stress——The proportionate wall 
thickness which is necessary to make the 
stress p, equal to lkg per square millimetre 
for an applied external pressure of one atmo- 
sphere (10~*kg per square millimetre) is 
found by putting numerical values in (8) and 
solving the equation : 


8(D/w)?— (D/w)—200—0 (12) 
ie., 
w/D=26f1+4/(14+8008)}-2 . . (13) 


This function has been plotted for values 
of 8 corresponding to the range 04d/D<1 
(see Fig. 4). Does p, exceed p, at any part 
of the range ? From (8) and (10) we get : 


2(p, — Py) =P(D/w)[(D/w)(B— y)—(1—d/D)} 
=P(D/w)(1—d/D)[(D/w)(8— y)(1—4d/D)* pe 


Diw and (1—d/D) are always positive 
(since 04d/D<1), so that py will exceed p, 
only if (D/w) (B—y) (I—d/D)*<1. For 
the values of w/D given by (13), this condition 
occurs only in the range 0:98<d/D<1-0. 
It will be shown in a following section that 
When the stability of circular sections 
(¢@/D=1) is taken imto consideration it 
becomes n to increase the wall 
thickness of circular cylinders to an extent 
Which reduces both p, and p, to values far 
below Ikg per square millimetre, but p, 
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will continue to be the greatest tensile stress 
in elliptic cylinders. 

Compressive Stress.—We can show that p, 
will always be the greatest compressive 
stress by comparing the values of p, and p, 
in (9) and (11), thus : 

2(p,—p,) = P(D/w)[ (D/w)(B— x) + (1—d/D)} 
tak co tal A os A 

The factors are all positive, since d/D 
is never ter than unity, and f is greater 
than y " all values of d/D. Hence, p, 
exceeds p, for all values of d/D, and it is 
only necessary to examine p,. 

The stress p, will exceed the limit of 5kg 
per square millimetre if p,/p, is greater than 
five (numerically) for any of the values of 
proportionate wall thickness w/D given by 
(13): they are the values of w/D which 
make p, =lkg per square millimetre. 

Consider 

P, B(D/w)+1 
Pr P(D/w)—1 

Evidently p,./p,>5 in the range 

1-5>BD/w>1-0, which can only occur 


(16) 
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somewhere between d/D=0-99 and d/D 
=1-0, with the values of D/w given by (13). 
Hence the maximum tensile stress (p,) is 
the critical design stress for elliptic cylinders. 
For circular cylinders stability is the criteria 
for failure. 

Circular Cylinders.—In circular cylinders, 
a wall thickness as little as w/D=10-* would 
limit the compressive stress to 5kg per 
square millimetre, but a cylinder of such 
thin wall would be unstable under external 
pressure. The proportionate wall thickness 
which will ensure stability can be calculated 
from Bryan’s® formula : 


2E (w\* 
Pa ZZ) - 
where 


E=Young’s modulus (0-6 x 10%kg/cm*) 
o=Poisson’s ratio (0-3). 

By putting p=4 atmospheres in (17) we 
find that w/D=1-5x10~ is the minimum 
for stability, with a factor of safety of four, 
for a circular section, d/D=1-0. The curve, 
Fig. 4, has therefore been modified tenta- 
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(17) 
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tively by drawing a tangent through the 
point d/D=1-0, w/D=1-5x10-*, which 
meets the curve at d/D=0-85. This modifi- 
eation reduces the maximum tensile stress 
below Ikg per square millimetre, for values 
of d/D exceeding 0-85, and, of course, at 
d/D=1-0 there is no tensile stress. 


Hyperso.tic Stress DistRIBuTION 


In developing the formula for maximum 
compressive and tensile stresses, a linear 
distribution of bending stress across a section 
of the wall was assumed. In the theory of 
bending of curved bars, however, it is shown 
that the distribution of bending stress across 
a transverse section follows a hyperbolic 
law. The difference between the hyperbolic 
distribution and the linear distribution is 
most marked at smaller radii, and in all 
cases the maximum stress at the concave 
surface is greater than the corresponding 
stress for the linear distribution. The 
formula for the hyperbolic distribution given 
by Morley* can be expressed as a ratio 
between the maximum stresses for the two 
kinds of distribution, thus : 

At the concave surface : 

Maximum stress for hyperbolic distribution 

Maximum stress for linear distribution 


w [* —w/2R’)-1 74] 








~6R’ A‘jA—1 (8) 


At the convex surface : 


Maximum stress for hyperbolic distribution 
Maximum stress for linear distribution 


w eae eer] 








= 6R WAI (19) 


In both cases 


R’=Mean radius of curvature, 
w= Wall thickness (of elliptic cylinder), 

A’ R’ 1+w/2R’ 

Tw 18 a/R’ 

These ratios have been plotted in Fig. 5 
for a range of values of w/R’. 

It has been shown in the preceding sections 
of this article that the maximum tensile 
stress on the major diameter at the outer 
convex surface is ‘the critical design stress. 
By limiting this stress to Ikg per square 
millimetre the minimum proportionate wall 
thickness (w/D) has been calculated and 
plotted against the ratio of major and minor 
diameters (d/D), as shown in Fig. 4. 

The maximum compressive stress on the 
major diameter at the inner concave surface 
has already been checked (equation 16), 
but we must now examine the error in this 
stress die to the assumption of a linear 
distribution of bending stresses. The error 
will be greatest on an ellipse of large eccen- 
tricity (d/D small), since the radius of 
curvature at the major diameter will then 
be small. The proportionate radius of 
curvature of the outer surface at the major 
diameter will then be small. The propor- 
tionate radius of curvature of the outer 
surface at the major diameter is given by 


R/D=}(d/D)? (21) 
The ratio of wall thickness to outer radius 
is therefore : 
w/R=2(w/D)(D/d)? (22) 
The ratio of wall thickness to mean radius 


w/R’=2(D/w)(d/D)?—1}" . (23) 


This ratio has been plotted in Fig. 6 for 
cylinders in which the wall thickness is 
defined by equation (13). 

For values of d/D below 0-8, the maximum 
compressive stress was approximately equal 
to the maximum tensile stress of Ikg per 
square millimetre (assuming linear distribu. 
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tion). The design limit for compressive 
stress was set at 5kg per square millimetre. 
The upper curve in Fig. 5 shows that the 
compressive stress at the inner concave 
face will rise to 4kg per square millimetre, 
if hyperbolic distribution is taken into 
account, at w/R=1-8 (approximately). The 
curve, Fig. 6, shows the value w/R=1-8 is 
reached at d/D=0-35, and this value of 
d/D has therefore been taken as the lower 
limit of usefulness of the design curve. It 
d =Minor dia. of ellipse. 
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\ w= Wall thickness of cylinder. ~ 

\ R= External rad. of Curvature 
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1) 
Fic. 6—-CURVATURE OF ELLIPSE 


is unnecessary to apply corrections for 
hyperbolic distribution of stress in the range 
0-35£d/D£1-0. The restriction in range 
is not a serious one, since at the point 
d/D=0-35 w/D=6-1x10-%, and therefore 
w/d=0-175. There is not likely to be much 
practical interest attached to elliptic 
cylinders in which the wall thickness occupies 
more than 35 per cent of the minor diameter ! 


SHEAR STRESS 


Brown? shows that the maximum shear 
force in an elliptic cylinder has the value 
4P.(D-—d). Hence the maximum shear 
stress will be 

ps=} . P . (D/w)(1—d/D) (24) 
and this value will increase with eccentricity. 
At the value d/D=0-35, at which the design 
curve has been terminated, we have w/D 
=6-1x10-*, and therefore p,=0-05kg per 
square millimetre. Shear stress can therefore 
be neglected. 

















EXAMPLE 
To avoid possible confusion the curve 
of w/D against d/D, shown in Fig. 4, 
has been replotted in its final form in 
Fig. 7, taking into account the correction 
due to the consideration of the stability of 
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FiG. 7—DESIGN CURVE FOR ELLIPTICAL 
GLASS CYLINDERS 


circular cylinders, and the restriction of the 
range of d/D due to the consideration of 
hyperbolic stress distribution. As an illus- 
tration of the simplicity with which the 
design curve can be applied, the following 
example is typical. 

An elliptic vacuum chamber is required, 
whose external dimensions are to be 50mm 
major diameter, 30mm minor diameter. 
What wall thickness will be required ? 

The ratio d/D is 0-6. Reference to Fig.7 
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shows that the corresponding value of 
100 w/D is 4:94. Hence the minimum wall 
thickness is : 
w=4-94D.10-, 
=4-94x 50x 10-* 
=2-47mm, say, 25mm. 


SpPEcIAL CasE 


In the special case of an elliptic cylinder 
of large eccentricity it might be desirable 
to achieve the maximum possible vertical 
aperture by taking advantage of the reduc- 
tion in tensile stress at the convex surface 
arising from the consideration of a hyperbolic 
distribution of stress. For example, consider 
the case of a cylinder of proportions d/D 
=0-4, w/D=5-9x10-*. For such a cylinder 
the ratio of wall thickness to mean radius 
at the major diameter is 1-1 (see Fig. 6). 
The curves in Fig. 5 show that the bending 
stress at the convex surface is only 70 per 
cent of the stress for an assumed linear 
distribution. This fact can be taken into 
account by multiplying the 8 term in equa- 
tion (12) by 0-7. The calculated wall thick- 
ness is then : 

w/D=2x 0-78[1+4/(14+800 x 0-78)}# 
=4-9x 10-*. 

The reduction of the wall thickness by 
17 per cent leads to an increase in the vertical 
aperture of 7 per cent, which might be con- 
sidered to be worth the trouble in calculating. 
It would not be wise, however, to use a 
cylinder calculated to such fine limits without 
conducting proof tests under closely con- 
trolled experimental conditions. 


EXPERIMENTAL RESULTS 
It has not been possible to conduct a 
complete set of tests on cylinders of different 
eccentricity, but sufficient practical experi- 
ence has been gained to show that the curve 
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of proportionate wall thickness in Fig, 7 j, 
reliable for general design purposes. Colla; 
ing tests on long glass bulbs of cima 
cross section (4/D=1-0) have confirmed that 
the value w/D=1-5 x 10-* is satisfactory, 

A straight cylinder of elliptic section, 
35mm X50mm, 2-0/2-5mm wall thic 
for which d/D=0-7 and w/D=4x10-* to 
5x10-*, has been tested up to four atmo. 
spheres external pressure without collapse 
and two betatron orbit tubes of the same 
cross section, have been operated successfully 
over a lengthy period. 

Portions of a toroid of approximately 
elliptic section, of the proportion d/D—0.43 
and w/D=3-6 x10-* (which is considerably 
less than the safe value shown in Fig, 7), 
have been found to collapse at their norma] 
operating pressure of one atmosphere 
external. The calculated stresses in this 
case were: maximum tensile stress 2-Tky 
per square millimetre, maximum compressive 
stress 3-0kg per.square millimetre. 
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A 250kW Gas Turbine Electric 


Generating Set 


Details have now been released of the model ‘‘T'-400 ” gas turbine engine which has 
been produced by the Solar Aircraft Company, of San Diego, California, for the 
Bureau of Ships of the U.S. Navy. This single-shaft auxiliary gas turbine was 
developed to drive a 250kW emergency generator aboard ship, and is believed to have 
been the first gas turbine engine ever to be installed in an American naval vessel. 


pron in 1947, the practicability of the 
gas turbine had been established, largely 
in the field of aircraft propulsion, the con- 
clusion was reached by the U.S. Bureau of Ships 
that the advantages offered by a gas-turbine- 
engine-driven emergency generator warranted 
the development of such a unit, and specifica- 
tions for competitive tendering were issued with 
the following requirements :— 


Electrical output 250kW 
Air inlet temperature : 
Normal +» «+ 80deg. Fah. 
Max.mum ... _... 100deg. Fah. 
Exhaust back pressure 37in in water maximum 
Fuel ... ... ... ... Standard d.esel oil 
Starting medium Compressed air or egy 
Starting time ... Standstill to full load, 10 sec 
maximum 
Control Automatic starting and opera- 
tion, starting s gnal provided 
by loss of voltage from main 
ship’s service generators. 
Means also to be provided for 
manual operation. 
Speed governing : . 
Pateatly state ... +0-5 per cent 
Trans.ent . +4-0 per cent 
Recovery time 0-025 sec maximum 
BMD: sod acy Ses 5000 h of which 500 h shall be at 
full load ; 
Sound level 100 decibels (0-0002 dynes per 
8q cm) 
Maximum inclination : 

Permanent ... ... 5 deg. from horizontal, fore and 
aft, and 15 deg. from hori- 
zontal, to either side 

Rolling ... 45 deg. from vertical, to either 
si 

Pitching 10 ik. from horizontal plane 





In order to utilise new developments and 
configurations to the greatest extent, no 
restrictions on design features or methods of 
construction were imposed. The present gas 
turbine was planned for installation in a ship 
being constructed by the Bath Iron Works 
Corporation to the designs of Gibbs and Cox, 
Incorporated, of New York. The basic turbine 
unit was completed and initially run in Sep- 
tember, 1949. Following a p e of 
development during which certain design 
changes were incorporated, and accessories and 
controls were completed and tested, the power 
plant was delivered in June, 1950, for further 
testing at the U.S. Naval Engineering Experi- 
ment Station, Annapolis, Maryland. Opera- 
tional testing at the Experiment Station was 
begun in August, 1950, and concluded in 
February, 1951, at which time the gas turbine 
engine was delivered to the shipyard for 
installation. The cycle diagram (Fig. 1) 
includes the pressures and temperatures existing 
at rated continuous output with ambient ai 
conditions of 80 deg. Fah. and 14-7 |b per 
square inch pressure. The air flow rate 1 
approximately 6-6lb per second. From the 
performance curve reproduced in Fig. 2, the 
specific fuel consumption is seen to be approx! 
mately 1-07 lb per horsepower-hour, based on 
shaft power delivered to the generator. The 
design pressure ratio of 4-8 and the maximum 
gas temperature of 1540 deg. Fah. were selected 
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to provide a reasonable compromise between 
the cycle efficiency, the life of the turbine 
components, and the size of the power plant. 
Furthermore, considerations of adiabatic 
efficiency at the pressure ratio chosen, compact- 
ness of atrangement, and minimum develop- 
ment time led to the use of a ten-stage, axial- 
fow compressor having approximately 50 per 
cent reaction. The comparatively small size 
of the compressor with its associated scale or 
size effects arising from relatively larger blade 
tip and seal clearances and reduced Reynolds 


14.7 Ib,/sq. in. 14.7 1b,fsq.in. 
(Absolute) —»| (Absolute) § 
80°, 047%, 
6-6 1b. sec. 


1047 °F, 
ie 
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numbers, results in a compressor efficiency 
somewhat lower than that obtained on larger 
axial-flow compressors for which data are 
available. The peak adiabatic efficiency of 
85 per cent and design point efficiency of 80 
per cent are, for the pressure ratio selected, 
still considered to be substantially better than 
could be obtained with other designs of com- 
pressors on which scale effects may be less. 
At the rated speed of 20,138 r.p.m., the com- 
pressor blade tip velocity is slightly over 900ft 
per second. 

In the interests of simplifying the unit and 
keeping size and weight to a minimum, only two 
stages were chosen, resulting in somewhat 
poorer turbine performance than could other- 
wise have been obtained. The turbine blading 
is designed on the vortex principle, utilising 
20 per cent and 11 per cent reaction at the huts 
and 49 per cent and 48 per cent at the tips of 
the first and second stages respectively. The 
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FIG. 2—PERFORMANCE CURVE 


tip speed of the turbine, under design conditions, 
is 1054ft per second. Pressure drops through 
the inlet silencer and the exhaust muffler of 
approximately 4in and 8in of water, respec- 
tively, reduce the engine output by some 
20h.p. The level at a point 6ft from the power 
plant and directly in line with the compressor 
inlet was found to average 97 decibels, a reduc- 
tion of 10 to 12 decibels from the value obtained 
without the silencer. The use of the exhaust 
muffler did not appreciably influence the sound 
level immediately adjacent to the power plant ; 
however, at the exhaust stack discharge the 
sound level was reduced from approximately 
100 to 95 decibels. Compressor surge was 
found to limit the amount of fuel which could 
be injected during the starting cycle. For this 
Tteason, the starting time objective of ten 
seconds maximum was not attained. The 
starting time obtainable at present, from 
starting signal to full speed, is approximately 
seventeen seconds. It is believed that this 
could be reduced by bleeding off compressor 
air, or by installing a by-pass around the 
turbine first stage. The complications which 
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would arise from such changes, however, do 
not appear to be warranted. 


ARRANGEMENT OF COMPONENTS 


The mechanical arrangement of the engine 
is illustrated in Figs. 3 and 4, It will be noted 
that the shafts of the principal components, 
such as the reduction gear, the compressor. and 
the turbine, are connected by splined couplings. 
Inlet air is inducted through a combination 
silencer and oil cooler assembly situated near 
the centre of the engine, then flows forward 
through the compressor, is diffused, is reversed 
180 deg. in direction, and finally passes into a 
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plant more than 15 per cent, and is therefore 
considered worth while since length is the 
critical dimension in this application. Access- 
ories mounted on and driven from the gearbox 
include the governor, the lubricating oil pump, 
the fuel pump, the speed sequencing switch 
assembly and the tachometer generator. The 
weights of the principal components are given 
in the table below. 


CoMPRESSOR 


A constant rotor hub diameter of 8in has 
been employed to simplify manufacture, par- 
ticularly the machining of the blade attachment 
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‘ single combustion chamber, which is mounted 


parallel to the compressor. The hot gas pro- 
duced in the combustor enters a turbine scroll 
which conducts and distributes it to the first- 
stage turbine nozzle. At the exist of the turbine 
the gas is diffused, after which it enters an 


TABLE 
Gas turbine engine, including ignition system, 








filters and piping ... ... ... .. . 350 Ib 
Control box and instrument panel... ... 56 lb 
Reduction and accessory drive gearbox ... 130 Ib 
Driven accessories... ... «1 «. 25 Ib 
4 561 Ib 

Inlet silencer and exhaust muffler ... 260 Ib 
Total with silencer and muffler 821 Ib 


The outline dimensions are :— 


LAS eo A a 
Width ... ii 2ft 9in 
Height ... 2ft 10in 


exhaust collector which discharges vertically 
upwards. An exhaust muffler is situated in the 
exhaust stack. 

It was recognised that a significant pressure 
loss would be associated with reversing the 
compressor discharge and placing the combus- 
tion chamber parallel to the compressor. 
However, this arrangement shortens the power 





View 


OF TURBINE 


slots, although an additional stage was thereby 
made necessary to obtain the design pressure 
ratio. The arrangement chosen results in 
somewhat greater blade heights in the high- 
pressure stages, which has proved to be of 
advantage regarding the performance of a 
compressor as small as this one. The rotor 
blades, made of A.I.8.I. type 403° martensitic 
stainless steel (11-5 to 13-0 per cent chromium, 
0-15 per cent maximum carbon, 1-0 per cent 
maximum manganese, 0-5 per cent maximum 
silicon), and the stator vanes, made of type 
347 austenitic, columbium-stabilised stainless 
steel (17 to 19 per cent chromium, 9 to 12 per 
cent nickel, 0-08 per cent maximum carbon, a 
minimum percentage of columbium equivalent 
to ten times the carbon content, 2 per cent 
maximum manganese, 1 per cent maximum 
siligon), are produced by cutting four designs 
of investment castings to suitable length. ‘The 
rotor blades are attached_by means of dovetail 
joints. The stator vanes are brazed to inner 
and outer rings, and the assemblies are bolted 
to the cast aluminium compressor casing, which 
is made in two 180 deg. segments. The com- 
pressor discs are machined from type 403 
stainless steel and are secured to a drum of 
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5#in diameter with rivets which extend 
radially through the overlapping flanges of 
the discs and through the drum. The com- 
pressor end thrust of almost 600 Ib is absorbed 
by a single ball bearing situated at the inlet 
end. The diseharge end of the rotor is sup- 
ported on a roller bearing, which allows for 
differential thermal expansion between the 
rotor and stator. The compressor scroll casing 
carries outlet air heated to about 450 deg. Fah. 
by compression. To cool the area in which the 
roller bearing is mounted, a small fan integral 
with the tenth-stage disc circulates air through 
passages in the casing. 

CoMBUSTION CHAMBER 


The single combustion chamber is of the 
conventional through-flow design, having a 
perforated liner similar to those used extensively 
in aircraft turbo-jet engines. The specific heat 
release at full load is approximately 5x 10° 
B.Th.U. per hour per cubic foot per atmosphere. 
The chamber is easily removed and i 
without dismantling the power plant. With 
injection of fuel through only one nozzle, the 
nozzle orifice can be kept large, and hence 
is less likely to clog from impurities in the fuel. 
In order to achieve good fuel atomisation 
throughout the speed range and thus assure 
consistent firing, a variable area fuel nozzle is 
employed. A conventional gas turbine spark 
plug, energised by a storage battery and a 
vibrator coil during the starting cycle, provides 
ignition. 

TURBINE 


The maximum gas temperature of 1540 deg. 
Fah. chosen, in conjunction with the conserva- 
tive design stresses, does not require extensive 
cooling of the turbine parts. The alloys 
shown in the accompanying table were selected 
for the critical turbine parts. 
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as a coolant as well as a lubricant, which has 
been widely and successfully used in the field 
of aircraft turbo-supercharger and gas turbine 
bearings. A vane pump having a capacity of 
3-5 U.S. gallons per minute, draws oil from a 
4-gallon reservoir situated in the reduction 
gear casing, and pumps it through a filter and 
an oil cooler consisting of a bank of finned tubes 
mounted in the air inlet silencer assembly. 
The relative magnitudes of the compressor 
air flow and the lubricating oil heat rejection 
are such that the inlet air temperature rise due 
to oil cooling is not prohibitive. From the 
cooler, oil is distributed to the lubrication points 
in the gearbox and to the compressor and 
turbine shaft bearings, each of which receives 
approximately 1 quart per minute of vil. 


Startinc SystTEM 


Consideration of factors involved in the use 
of hydrogen peroxide, steam, solid propellants 
and compressed air as energy sources for starting 
led to the selection of high-pressure (3000 Ib 
per square inch) compressed air as a medium. 
In particular, the ease of handling and the 
availability on board ship of compressed air 
influenced the selection. The air is stored in a 
tank of sufficient size to provide five normal 
starts. A pressure regulator reduces the air 

to 400 lb per square inch, after which 
it is directed at the second-stage turbine blading 
through a number of small jets. Although the 
power plant is self-sustaining at a lower speed, 
starting assistance is maintained up to 55 per 
cent of the rated speed to provide rapid accelera- 
tion in the range where the margin of turbine 
power over compressor power is small. 


Furet anp Controt SystEM 


Considerable development work was required 
to provide a control system which would fulfil 








Turbine parts Alloy Analysis 

Rotor blades | “$816” ... -| 19 per cent chromium, 20 per cent nickel, 4 per cent molybdenum, 4 per 
cent tungsten, 4 per cent columbium, 3 per cent iron, 0-4 per cent 
carbon, remainder cobalt 

Rotor dises .... .... “ N-155” ... .| 20 per eent ehromium, 20 per cent nickel, 20 per cent cobalt, 3 per cent 
molybdenum, 2 per cent tungsten, 1 per cent columbium, 0-3 per 
cent carbon, remainder iron 

Nozzle vanes . “ HastelloyC”... ...) 58 per cent nickel, 17 per cent molybdenum, 14 per cent chromium, 


5 per cent tungsten, 5 per cent iron, 0-1 per cent earbon 





These alloys provide creep and rupture life 
expectancies of such duration that only 
moderate cooling of the turbine disc face is 


required. A small fan integral with the first- . 


stage disc circulates cooling air over the hub 
and upstream face of the disc. This air then 
passes around the turbine inlet scroil, through 
its shrouding, and around the turbine casing, 
discharging into the turbine exhaust. A second 
fan, mounted on the downstream side of the 
second-stage disc, circulates cooling air in 
that region. 

Conventional fir tree jomts are used to 
attach the turbine blades to the discs. “When 
inserted into.the dise slots the tips of the blades 
can be moved 0-020in to 0-030in in the tan- 
gential direction. Before the radial retaining 
pins are installed, the blades will drop out if 
the rotor is held with the axis vertical. The 
chromium-molybdenum steel shaft is are welded 
to the first-stage disc, while the second-stage 
wheel is attached with three }in diameter bolts. 
The turbine rotor, which is illustrated in Fig. 6, 
is supported on ball and roller bearings with 
the extra clearance roller bearing situated at 
the turbine or “ hot ” end. 

A single pinion and gear combination reduces 


the turbine speed of 20,138 :r-p.m. to that . 


required by the generator. A set of accessory 
gears driven from the input pinion provides 
drives at 3358 r.p.m. for each of the four 
accessory mounting pads, situated for accessi- 
bility at the top of the gearbox. 


LUBRICATION SySTEM 


The lubrication system employed is based 


on the method involving the increase of the 
lubricating oil flow to a point where it acts 


the following requirements in the absence of 
operating personnel :— 

(a) Initiate the starting cycle when normal 
ship’s voltage fails. 

(6) Apply starting air, ignition, fuel and 
generator excitation, and shut-off starting air 
and ignition in the proper sequence. 

(c) Regulate fuel to the power plant during 
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acceleration in accordance with a fuel flow /speeq 
relationship which will provide the maximyn 
acceleration possible without producing com. 
pressor surge. 

(d) Govern the power plant speed after the 
rated speed is reached and apply the load. 

(e) Shut the power piant down and provide 
an annunciator signal should a fault, 
such as excessive gas temperature, oveispeed 
or low lubricating oil pressure, occur. 

The control system employs a 24V dy 
circuit energised hy a small storage battery, 
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A multi-contact speed switch, mounted out- 
board from the fuel pump, supplies signals at 
4000, 11,000, 20,000 and 22,000 r.p.m., thus 
providing the necessary sequencing. The speed 
switch signals, together with those from the 
lubricating oil under-pressure switch and the 
exhaust gas over-temperature switch, are fed 
into the turbine control box where a series 
of relays and timing motors provide appro- 
priate controls. The fuel system, which is 
shown diagrammatically in Fig. 5, consists of a 
filter, gear pump, an acceleration control valve, 
a governor, and a solenoid-operated shut-off 
valve preceding the fuel nozzle. The fuel 
pump delivery is greater than that required 
for any condition of operation. During accelera- 
tion the excess fuel is by-passed as necessary 
by the acceleration control valve, which is 
governed by fuel nozzle 
pressure, which is, in 
turn, proportional to 
speed, and thus provides 
the proper fuel-speed 
relationship. Once the 
rated speed is reached, 
the acceleration control 
valve is removed from 
the system and a con- 
ventional flyball _ is- 
ochronous speed govern- 
or by-passes fuel as 
em necessary to maintain 
: speed within the requir- 
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The principal source 
of objectionable noise 


16 in a shaft output engine 





1—Fuel tank. 


2—Shut-off valve. 10—S 


3—Boost pump (if used). 11—Filter. 
4—Governor _ 

5—Filter 

6—Shut-off valve. 

7—Acceleration trol valve. 





8—Metering valve. 





9—Fuel pump. 


sequence switch 


12—Drain valve. 
13—Fuel pressure gauge. 
14—Shut-off valve. 
15—Fuel inlet. 

16—Drip tank. 
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of this type lies in the 
compressor rotor blades 
and stator vanes. The 
level of high-frequency 
sound emanating from 
the compressor is re- 
duced by a circular 
silencer fitted around 
the compressor inlet. 
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two concentric rings made up of “ Fibreglass ” 
insulation encased in perforated aluminium 
sheet, are situated in the airstream passing 
through the silencer. The silencer inner walls 
gre similarly insulated. Lower frequency 
und in the turbine exhaust is reduced in 
intensity by means of a muffler designed along 
the lines of conventional reciprocating engine 
muffler practice. Enlarged flow areas serve to 
minimise pressure loss with the high volumetric 
fow passing through the muffler. 

In its present design form with the turbine, 
compressor and output shafts mechanically 
coupled, the prime mover is considered to be 
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suitable for substantially fixed-speed applica- 
tions, such as generator, pump and compressor 
or blower drives. By adding a third turbine 
stage not mechanically connected to the first 
two, and taking the power output from a 
reduction gear coupled to the third stage, 
torque multiplication becomes available. The 
prime mover would then be suitable for pro- 
pulsion of land vehicles or small boats, and 
other variable speed applications. Improve- 
ment in turbine efficiency, resulting in increased 
power output and improved economy, is also 
expected to be associated with the use of three 
turbine stages. 


Harspranget Hydro-Electric Scheme, 
Sweden 


The hydro-electric development at Harspranget is one of the largest in Europe, 
the estimated annual power output being 1800 million kWh. There are three 96M W 
turbo-alternators installed, with provision for a fourth 96MW set. The scheme 
is typical of modern Swedish developments ; it consists of a rockfill dam with intake 
works leading to an underground power station below it, followed by an unlined tail- 
race tunnel of large cross-sectional area leading back to the river. 


LARGE hydro-electric development has 
Misesonaty been completed at Harspranget, 
on the River Stora Luleélv, in Sweden. Har- 

et is situated some 30 miles inside the 
Aretic Circle, the reservoir of the scheme being 
immediately downstream of the earlier develop- 
ment of Porjus. The reservoir is formed by a 
large rock-fill dam, from which penstocks 
lad to an underground power station under- 
neath the dam. A tail-race tunnel, nearly 
2 miles long, leads the diverted water back 
into the river. Three vertical Francis turbo- 
alternator sets, each of 96MW, are installed in 
the power station and provision has been made 
for the installation of a fourth set. The gross 
head of the scheme is 351ft and the annual 
production of power is estimated to be 1800 
nillion kWh. By comparison, Genissiat, which 
is at present the largest hydro-electric power 
station in Western Europe, has six 65MW 
turbo-alternators, giving a production of about 
1650 million kWh annually. The Andre 
Blondel power station, further down the Rhone 
from Genissiat, will soon be brought into 
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level of the reservoir (1022ft above sea level) 
was fixed at a figure 5ft above the tail-race 
level of the Porjus power station, so as to 
reduce the risk of damage by cavitation of the 
turbines of that power station. The head 
of the scheme was increased by 64ft by excavat- 
ing a canal for about a kilometre, in the 
river bed at the outlet of the tail-race tunnel. 
The dam was positioned so that the volume 
of rock-fill required was about equal to the 
spoil excavated from the tunnels and power 
station, which was utilised to build the dam. 

It is expected that the third turbo-alternator 
set in the Harspranget power station will be 
brought into operation this spring, the first 
two sets having been installed last year. 


THe Dam 


The reservoir is formed by a rock-fill dam 
with a maximum height of 148ft and extending 
for 2560ft across the river bed; on the left 
bank it is continued by a dam 2130ft in length, 
running upstream, nearly at right-angles to the 
main dam, to seal the left bank. The height 
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operation with six 50MW sets and an annual 
production of some 2000 million kWh. 

The average flow of the river at Harspranget 
is 9000 cusecs, and at full load the flow through 
the three turbines is 11,340 cusecs ; the fourth 
unit will be installed after further works for 
regulating the flow have been carried out near 
the source of the river. The normal flow in 
winter is about 8800 cusecs, dropping to 7400 
cusecs in a dry year. The existing storage 
allows a flow of 8500 cusecs to be maintained for 
power production when the winter flow is at the 
lower figure. Extensive daily and weekly regu- 
lation is carried out at the Porjus dam up- 
stream. Although timber logs do not have to 
pass either of these dams, it is sometimes neces- 
sary to release water in excess of the normal 
power requirements to permit logging further 

wnstream. 

Of the general points in the design of the 
scheme it may be noted that the top water 


of the subsidiary dam is small compared with 
that of the main dam; at one point it crosses 
a zone of badly faulted rock. The main dam 
includes intake works near the junction with 
the subsidiary dam, with provision for four 
penstocks each leading to one of the turbines, 
and a spillway section near the right bank. 
The spillway structure, which is of reinforced 
concrete, consists of three openings, each 
about 65ft wide, closed by sector gates, which 
give a discharge capacity of nearly 78,000 
cusecs. There are also two further openings 
for use in an emergency, each nearly; 50ft 
wide. They are closed by concrete slabs, 
which can be easily removed should the 
occasion require it. A roadway runs over the 
crest of the dam. During construction the 
river was diverted through a tunnel, which was 
subsequently plugged. 
/The accompanying illustrations show the 
cross-section of the dam at its highest part, 
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and constructional details at the joint of the 
concrete core-wall and the foundation, and at 
the joint of the core-wall and the intake 
structure. It was originally intended to 
construct a rigid joint between the conerete 
core-wall and the conerete foundation of the 
dam. At the highest part of the dam the con- 
crete foundation was to have been 10ft to 13ft 
above this rigid joint, and be so designed that 
its upstream face from the joint upwards 
would gradually recede from the core-wall. 
The space between the core and the foundation 
was to have been filled with fine shingle, 
which would yield somewhat when the core 
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JOINT BETWEEN CONCRETE CORE WALL 
AND CONCRETE FOUNDATION 


was thrust backwards by the water pressure, 
yet offer so much resistance that the bending 
moment in the joint itself would have been 
considerably reduced. To keep the stresses 
in the core-wall within the prescribed limit, 
the foundation was to have been of such a 
height that the joint would nowhere be more 
than 115ft below the highest water level. 
The foundation was laid down in the manner 
described at the deepest portions of the dam 
and the river bed made good with concrete. 
Further, by using moraine, which could he 
well packed, for the lower part of the fill 
immediately behind the core-wall, it was 
expected to limit the deflections of the core, 
so that it would not be subjected to dangerous 
stresses. 

For the calculation of the deflections of the 
dam it was necessary to know the modulus of 
elasticity expected to be attained for the fill 
materials in the downstream part of the dam, 
which has to resist the forces from the core- 
wall. With the* guidance of compressormeter 
tests executed on samples of the fill materials, 
E-values were found at different pressures on 
the assumption of an optimum compaction of 
the materials. From these data it was pos- 
sible to judge the maximum E-values attainable 
at different depths under the dam surface. 
The dimensions of the core-wall were calculated 
on the assumption that E-values amounting 
to 70 per cent of the maximum values would 
be attained. With the deflections calculated, 
the maximum stress in the concrete due to 
moment, together with compression of vertical 
load, would have been 2130 Ib per square inch 
on the assumption of heavy reinforcement. 











The vertical load was estimated to be equivalent 
to the weight of the core itself, together with 
the weight of those parts of the fill which could 
possibly by friction have been suspended on 
the core at a friction coefficient of 0-4 on the 
upstream side and 0-5 on the downstream. 

A construction open to such high stresses 
‘im the concrete and with such assumptions 
regarding the loading was, however, considered 
undesirable. Therefore a core-wall provided 
with a joint just below the highest point of the 
foundation, by which the thickness of the core 
could be considerably increased, was proposed 
and adopted. The core-wall was built in such 
a@ way that the calculated stresses in the con- 
crete would not exceed 1140 Ib per. square 
inch. The joint presented some complications, 
the final design being illustrated on page 431. 

The sécurity against percolation through the 
dam is twofold ; on the one hand, there is the 
concrete core-wall, and under it a watertight 
slab of reinforced concrete, set on the upstream 
face of the concrete foundation ; on the other 
hand, there is a clay core in front of these con- 
structions. Immediately behind the core-wall is 
a layer of fine sand, for catching such par- 
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tion and, consequently, facilitate the settle- 
ment of the clay core. 

In order to obtain knowledge of the displace- 
ments and stresses in the different parts of 
the dam a number of m ing instruments 
have been provided in wells left at various 
places.* 


PowER STATION AND TUNNELS 


The intake works, as previously mentioned, 
are incorporated in the dam, with a separate 
penstock leading to each turbine. The pen- 
stock openings are each closed by a hydrau- 
lically operated sector gate, which can be 
closed in ten seconds to reduce the risk in 
ease of damage at the power station, for 
instance to a spiral casing. The penstocks 
are excavated in rock and are of steel 
tubes embedded in concrete at their lower 
ends, being lined with reinforced concrete higher 
up. An economy in design was effected by 
giving the penstocks a larger cross-sectional area 
in the upper than in the lower part. 

The machine hall of the power station is 
328ft long by 59ft wide, with its ceiling some 
200ft below ground level, and the invert of 

the draught tubes 141ft 
further down. The 
surrounding rock is 
a good granite. The 
turbo - alternator sets 
are’ thought to be the 
na largest hydraulic units 
yet built with the 
exception of those at 
the Grand Coulee dam 
(the capacities being 
96MW and 105MW, 
respectively ). They 
operate at 167 r.p.m., 
with a head of between 
lm and 2m on the tail- 

















CONTRACTION JOINT AT INTAKE 


ticles from the clay core as might escape 
through possible cracks in the core-wall. The 
rock under the clay core is grouted with cement 
mortar in at least two lines of vertical bore- 
holes, one line drilled to a depth of 26ft and 
the other to 10ft into the solid rock. To 
prevent uplift pressure under the foundation, 
vertical 2in well-points at 5ft centres were 
drilled in the rock 6-5ft downstream from the 
front face of the core-wall to a depth of 16- 5ft. 
These well-points are extended by vertical 
pipes to an inspection gallery in the foundation. 
The clay core is extended down into a 
trench in the rock. The trench is intended to 
increase the contact surface between clay and 
rock and between clay and concrete, thereby 
decreasing the risk of leakage along these 
surfaces. The clay used for the core had an 
angle of internal friction after consolidation 
of 20 deg. to 30 deg., and a coefficient of per- 
meability of 0-00004in to 0-0004in per hour. 
These figures are equivalent to a maximum 
leakage of about 0-02 cusecs for the whole 
dam 


Between the fine grained materials and the 
rock-fill, filters were placed in vertical layers, 
in which the size of the aggregates was gradu- 
ally increased with each layer, to reduce the 
intrusion of finer materials into the voids of the 
coarser. The total volume of fill material in 
the dam is about 2 million cubic yards; this 
material was generally placed in thin layers 
’ and compacted-by rolling dr by water. 

As far as was possible, the clay core was 
compacted by tractors and sheeps-foot rollers 
at the optimum water content. To reduce the 
risk of the clay core becoming suspended 
between the concrete core-wall and the graded 
filter, it was thought desirable that the fill 
in front of the clay should settle more than the 
clay core itself. Partly for this reason the 
filters and rock-fill in the upstream part of the 
dam were given less compaction than the 
corresponding materials in the downstream 
part. The core-wall was coated with asphalt 
on the upstream face in order to reduce fric- 


’ 
; % H ° aa 
oie The generators are 
directly connected to 
the turbine shafts and 
STRUCTURE are rated at l0SMVA, 


16kV, 50 c/s, three- 

phase. The thrust bear- 
ings will carry a load of 825 tons each and are 
placed upon the lower bearing spider of the 
generators. The machine hall is served by 
two overhead travelling cranes, which, coupled 
and used together, have a capacity of 460 
tons, corresponding to the weight of a rotor. 
At right angles to the machine hall a large 
chamber has been excavated. which is divided 
into cells for housing transformers and reactors. 
There are four 380kV, single-phase transfor- 
mers (one of which is intended as a standby) 
installed, with a capacity corresponding to 
that of the whole power station, and two 
60MVA, 130kV, three-phase transformers. 
From the transformers the current is carried 
by cables to ground level, where the high ten- 
sion switch yard is situated. The major part 
of the power generated will be transmitted to 
the southern part of Sweden by a 380kV 
transmission line now under construction. 
The control room is placed on the right-hand 
side of the machine hall. 

The draught tubes are controlled by vertical 
sliding gates. The water from the draught tubes 
is carried to the river through a tunnel 2045 
square feet| in cross-sectional area. (i.e. 
49ft by 43ft; the surge basin immediately 
downstream of the power station is just over 
3000 square feet in cross-section, being 72ft high 
and 43ft wide.) This large cross-section has 
proved to be economical, owing to the fact 
that all the rock excavated at the plant was 
required for the dam and was excavated 
cheaply, due to the equipment and methods 
employed. The rock was of such good quality 
that lining was not required. 

Where the rock was of extremely good 
quality the bottom part of the tunnel was 
excavated first and frames used for the drilling 
machines and for applying explosives. The 
top part was subsequently blasted down and 
the bulk successively used as a support for the 





* Further details on Swedish designs for rockfill dams 
with reference.to the oy dam, have been given 
in three of the papers (Nos, Rll, R13 and R14) at the 
Fourth Congress on Large Dams, New Delhi, 1951. 
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drilling machines. As the transport in th, 
latter operation did not need to be synchronised 
with the drilling and blasting the work wa 
considerably simplified. It was found mog 
economical to make the cross-sectional are, 
of the bottom gallery about 50 per cent of the 
total sectional area of the tunnel. 

The cost of the Harspranget development hag 
been given as about 100 million kroner (n 
£7 million), excluding transmission lines. This 
gives a capital cost of about £24 per kilowatt ; 
when transmission costs are taken into account 
this figure will be some £55 per kilowatt for the 
completed project. 


—-~_———— 


A Modern Tramp Ship 


THE design of the “ Wanstead”’ ciasg of 
cargo liners, which were built for the North 
Atlantic service of Watts Watts and Co., Ltd, 
broke away from convention and introduced 
several new ideas in an effort to produce 
a more efficient ship and a better seq 
boat. The new design was the subject of 
a paper given by Mr. E. H. Watts before the 
oint summer meeting of the Institution of 
Naval Architects at Newcastle upon Tyne 
in 1950. Two years of successful service have 
now been completed and the good sea-keeping 
qualities of the knuckle design of hull have been 
demonstrated by the fact that very few seas 
have been shipped during the period. This 
class of ship was not suitable for genera] 
trading however, so that the company 
has evolved a new design of ship, the 
** Windsor” class, the first of which will be 
launched from the yard of Barclay, Curle and 
Co., Ltd., on May 23rd, the naming ceremony 
being performed by H.R.H. the Princess Royal. 
The ‘“ Windsor” and her sister ships have a 
length between perpendiculars of 435ft, 
breadth moulded of 58ft 6in, a depth to shelter 
deck of 38ft, and a loaded mean draught of 
27ft, on which each ship is expected to carry a 
deadweight of 9950 tons. A four-cylinder 
Doxford oil engine, developing 4400 b.h.p. at 
115 r.p.m., will give the ship a service speed of 
13 knots. Last week we were able to examine 
a model of the prototype ship and noted that 
several items, which had proved successful in 
the ‘‘ Wanstead,” have been incorporated, 
particularly the buoyancy knuckles at bow and 
stern. Strength has again been concentrated 
at the shelter deck, and the hatch coamings 
have been carried forward and aft to form a 
continuous girder and will assist stowage in 
the ‘tween decks. The spaces between the 
hatches have been plated over level with the 
top of the hatch coamings to form ballast tanks 
with which to control stability under different 
conditions of loading. In keeping with the 
principle of maintaining the strength of the top 
member of the hull girder, the shell plating has 
not been pierced for the fitting of sidelights 
and equipment for other services. Within the 
engine-room an effort has been made to stiffen 
the structure by fitting tie frames over a length 
of five frame spaces. Some other points noted 
were the inclusion of flats of chequered plating 
at certain levels to aid maintenance and avoid 
accidents, and also the extension inboard of the 
side decks to rest on the engine frame. The 
ventilation system has been completely re- 
versed, in that only exhaust fans are fitted, the 
fresh air supply being led to the delivery points 
by. natural trunking. Excellent accommoda- 
tion is planned for the crew and decorations of 
the main rooms are being prepared to designs 
by Emmett. 


——_—___—————_—_——— 


Perroteum Inrormation.—The Petroleum 
Information Bureau, 29, New Bond Street, London, 
W.1, issue free of charge @ series of factual memo- 
randa concerning petroleum and its products. 
The literature available deals with p ting, 
drilling and refining ; transport ; and production; 
and there is a general section covering a number of 
aspects of the industry. In addition to the 
pamphlets there are 16mm and 35mm films, film 
strips and lantern slides. 
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Centrifugal Pumps in Steam 
Power Stations* 


PENNINGTON, B.Sc. Tech., M.I.Mech.E.+ 
Nost 


By Kt. 


CHOICE OF SPEED 

One of the factors of primary importance 
that applies to all services is the fixing of the 
p speed. The higher the speed the smaller 
the size of pump and the lower the cost, but 
care must be taken not to sacrifice quality, 
efficiency or reliability. Excessive speed may 
mean cavitation trouble and resultant erosion, 
vaporisation, loss of pressure, or seizure. 
The following considerations show how the 

maximum safe speed can be determined. 
Throttling.—On the left-hand side of Fig. 1 
a simple pump is shown drawing water from a 
tank in which the level can be varied above 
and below the pump centre line. The speed is 
assumed constant and the output is regulated 
on the discharge valve. At the highest inlet 
level A the H/Q characteristic, shown to the 
right, is obtained. A point is reached during 
the opening of the valve when the head breaks 
away from the normal curve and falls steeply 
at constant output Q4 corresponding to the 
absolute static inlet head Ag. If the inlet 
level is lowered to B the maximum output is 
reduced to Qz. Similarly for the lower levols 
C and D outputs are limited to Qc and Qp. 
The curve passing through points As, Bg, Cs, 
Dg, represents the absolute head at the pump 
centre line under static conditions, while the 
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———— H/Q characteristic. 
— static inlet head at pump centre- 
ine. 
————— Absolute head at pump inlet flange Aj 
(throttling curve). 


Fic. 1—Effect of Inlet Head on Centrifugal Pump 
Performance 


lower curve passing through points Ag, Bz, 
Cg, Dg, shows the corresponding absolute 
head at inlet, Ai, under flow conditions as 
measured by a gauge at F. This latter curve 
is usually known as the “ throttling ’’ curve. 
Hydraulic Gradient and Depression Head.— 
Fig. 2 shows how average pressures and velo- 
cities vaty through a centrifugal pump operating 
at constant speed and constant output. The 
curves, not to scale, are merely intended to 
convey @ general picture of the changes that 
occur in the pump. The bottom curve shows 
the hydraulic losses, hj, between inlet and outlet 
flanges, while the diagonally shaded area repre- 
sents the generated no-loss pressure head, hy. 
The cross-hatched area is the velocity head, 
most of which is converted to pressure in the 
casing, and so the heavy full line represents 
the hydraulic pressure gradient ; ha is the net 
available head. The region of minimum 
pressure at point A lies just beyond the inlet 
edge of the impeller vanes, and the fall in 
pressure between the inlet flange and point A 
may be termed the ‘depression head,” hap. 
It will be noted that the depression head is 
slightly less than the total value of the hydraulic 
losses at that point, due to the partial generation 
of head that has occurred. A pump throttles 
when the absolute pressure at A is equal to 
the vapour pressure of the liquid, or, in other 
* Institution of Mechanical Engineers, March 21st. 
Abstract. 
+ Director, Mather and Platt, Ltd., Manchester. 
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words, when the inlet head, /i, is equal to the 
depression head plus the vapour pressure. 
Cavitation Area.—In Fig. 3 the throttling 
curve shown in Fig. 1 is reproduced as a heavy, 
full line representing vapour pressure plus 
depression head. Under these conditions the 
pump is operating at the maximum possible 
speed for a given output corresponding to the 
inlet head shown on the curve. If the pump 
is taking its supply from a closed vessel with the 
liquid at saturation pressure and temperatyre 
it will operate satisfactorily with a head at the 
inlet flange equal to the depression head plus 
vapour pressure (that is to say, on the throttling 
curve) provided that the liquid in the supply 
vessel is allowed to fall freely to its natural 
level. If the level is controlled, provision of an 
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Fic. 2—Hydraulic Gradient Through Centrifugal Pump 
Showing Depression Head 


adequate margin in inlet head is important 
if cavitation is to be avoided. The dangerous 
cavitation area is shown shaded, and it will be 
noted that it corresponds to the unstable region 
of the head output characteristic. 

Speed Coefficient.—A relation can be estab- 
lished between output, depression head, size 
of pump at inlet, and maximum permissible 

For a range of pumps geometrically 
similar on the inlet side and operating under 
conditions of dynamic similarity at inlet, NDj 
is constant, where N is the pump speed, and 
D; is the linear size at inlet, which may be 
expressed conveniently by the impeller eye 
diameter. 

Also, QocD? and, therefore, QtocDj, so 

NQtisconstant . .... (1) 
For a given size of pump, if the speed is changed 
and the pump is operating at all times on the 
throttling point—that is, at the maximum 
possible speed for a given output and inlet head 
—-then it is found that hap Nmaz* (providing 
QaN; maz)» 
Or 


haptocNmaz . .-.- . (2) 
Also, QocNmez and, therefore, Qochapt, or 
Gichek: seen. Oe 
It follows from equations (2) and (3) that : 
NmaxQt=constant xhapt . . . (4) 


From equations (1) and (4) it would appear 





Notation 
A; Atmospheric pressure. 
Ce Cevitation <elibabens. 
e Pump efficiency. 
H Net total head. 
h Net head per stage. 
ha = Net: available head, per stage. 
Cavitation margin, 
Depression head. 
hg __ Friction losses before pump inlet. 
hg Generated no-loss pressure head. 
hi Absolute head at pump inlet. 
hi Total hydraulic losses in pump. 
hs Suction lift. 
hs: Static head over pump centre line. 
Lj Pump inlet size=Q! jhap*. 
N get po t.p.m. 

Num 


n r of stages in pump. 

Ppi A dimensionless parameter = V;/Uj. 

Q Output. 

Sc Speed coefficient in formula : Ninzz=Schap*/Q* 


Sh pecific heat of liquid. 


Ui ___— Peripheral velocity of the impeller eye. 
Vi; Axial component of flow in impeller eye. 
V; Vapour —. 

w Output, Ib per hour. 

x Balance , Ib per minute. 
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that for a range of similar pumps of varying 
size hap must be constant. However, owing to 
the “size effect” the larger the pump the 
smaller is the value of hap for a constant value. 


of NmazQt. Thus, the relation becomes : 
NmarQt=coefficient xhapt . . . (5) 
or 
hapt 
Nmas=Se-Gp a tarts ee 


where S; may be termed the speed coefficient. 
The value of S- depends not only on pump 
size, but also on type of design, and is influenced 
to a lesser extent by net total head, efficiency 
and specific gravity of liquid (the last three 
factors affect the diameter of the impeller hub). 
Inlet Parameter.—The principal design factor 
controlling the value of S- is the ratio between 
the axial component of flow in the impeller 
eye and the peripheral velocity of the eye, 


_ which may be expressed as a dimensionless 


parameter : 
Pp=Vi/Ui 

Fig. 4 shows values of S- for various values of 
Py plotted against inlet size, which may be 
expressed hydraulically as Li=Qt/hapt. For 
calculating Li; and Nmaz, values of Q are for 
single-inlet impellers ; for double-inlet impellers 
take half the total output. As Ppi is reduced, 
Se increases up to a peak value for a given 
size as shown in this diagram. It is also seen 
how S- increases with an increase in hydraulic 
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Cavitation area shown shaded, 
FiG. 3—Cavitation Area for Centrifugal Pump 


inlet size. Low values of Py usually involve a 
sacrifice in efficiency, and would normally 
be used for low values of depression head (that 
is, where inlet heads are low) in order to obtain 
a reasonably high speed. 

Effect of Net Head per Stage on Nmax.— 
The maximum permissible speed to suit the 
output and inlet head having been determined, 
it is necessary to investigate whether that speed 
is suitable for the net head per stage. The 
two upper impellers in Fig. 4 are designed for 
the same depression head in relation to net total 
head, and it is seen that as Pp is reduced, the 
impeller inlet diameter is increased and the 
outlet diameter reduced. If the depression 
head is increased (thus increasing Nmaz and 
therefore the specific speed), or if the net head 
is reduced (which also increases the specific 
speed), a point is reached when there is 
insufficient vane length to enable a satisfactory 
design of impeller to be developed, aua the 
lower the Py value the earlier that. limit is 
reached. 

Relation Between Pp, and Maximum Per- 
missible Specific Speed, Ns.—It is evident from 
the foregoing that a relation must be established 
between Py; and the maximum permissible 
specific speed, N;, and this is shown by the 
curve, Fig. 5. If the maximum speed (as 
determined by the inlet conditions), together 
with the output and net head, are expressed 
in terms of the specific speed, N;=NQ*/hi, 
and the value so determined lies above this 
curve the speed must be reduced. accordingly. 








N; is for a single-inlet impeller; for a double- 
inlet impeller half the total output must be 
taken for evaluation of Ns. 


CONDENSATE-EXTRACTION PuMPS 


Extraction pumps have to be designed to 
operate satisfactorily with a very small inlet 
head above the pump centre line and with the 
water at the saturation temperature corre- 
sponding to the vacuum in the condenser. 
Every few inches additional head required by 
the pump may involve a corresponding increase 
in the height of the power station building, 
with a resultant increase in cost. 

As the water is at boiling point, care must 
be taken in the design of the pump and in the 
arrangement relative to the condenser to avoid 
cavitation when operating with such restricted 
inlet heads. 

There are two main t of surface con- 
denser—the free-level type and the controlled- 
level type. 

Free-Level Condenser.—On the free-level type 
of condenser (Fig. 6) the extraction pump with- 
draws condensate at the same rate as the rate 
of condensation at all loads. The water level in 
the condenser increases as the load increases, 
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but remains steady at constant load. The 
exact relation between the water level and the 
load is a function of the design of pump and the 
frictional losses between the pump and the 
condenser. 

If the demand at the boilers is at any time 
less than the rate of condensation in the con- 
denser, then the surplus is discharged into the 
surge tank. Conversely, if the boiler demand 
exceeds the rate of flow into the condenser 
(and, therefore, the rate of pumping) the 
balance of requirements is drawn automatically 
from the surge tank. A pump operating under 
these conditions is running on the “ throttling ” 
point at all loads. In effect, the pump acts as 
an automatic regulating valve and takes: all 
that comes to it. 

It has already been shown that when a 
pump is “ throttling ’’ the pressure head at the 
inlet flange (corrected to the pump centre line) 
is equal to the vapour pressure at the working 
temperature plus the “depression head.” 
With a surface condenser the vapour pressure 
is the pressure in the condenser immediately 
above the water level. It follows that the 
“depression head ’’ must be provided by the 
static height of the water in he condenser 
above the pump centre line. This static head 
must also provide for the frictional and other 
losses between the condenser and pump, but 
these losses are usually small on account of 
the very low velocities employed. 

If hz is static head over pump centre line, 
hi absolute pressure head at pump inlet flange, 
hg friction losses at inlet side, and Vp vapour 
pressure, then 

hy (required)=hap + Vp (when “ throttling ”) 
Also 
hi (available) =hs—hy+ Vp 
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Therefore, 

het= hap + hy 
This establishes the relation between the inlet 
static head and the “ depression head ”’ of the 
pump. : 

A condensate pump is required to operate 
at any output, from full load to very light load, 
and when drawing from a free-level condenser 
the pump automatically follows all changes in 
load. With each change in load the water 
level in the condenser takes up a new position 
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Poi = Vj/U; 

Ns is for a single-inlet impeller; for a double-inlet 
impeller take half the output when evaluating 
N,=NQ* at, 

Q, Imperial gallons per minute ; A, feet. 


0-5 


Fic. 5—Relation Between Ppi and Maximum Permissible 
Ns 


in accordance with a curve, such as A, shown 
in Fig. 6, where hy=A—C, and C= Vp. 

The normal net head characteristic is shown 
by curve D. The pump outlet is not restricted 
in any way and is open at all times to the 
surge tank. Thus the discharge head is equal 
to the static head of the tank plus pipe and 
valve friction. Under ordinary pumping con- 
ditions the pump’would discharge at a constant 
rate H where the pump characteristic D inter- 
cepts the system characteristic EZ, but on 
extraction duty for two typical rates of dis- 
charge F and G the heads must lie on the 
system characteristic EZ. Thus the pump 
follows the system characteristic, and the 
difference in head between curves D and E is 
dissipated in the pump casing around the 
impeller. 

A pump operating in this manner is said to 
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FIG. 6—Operation of Extraction Pump on Free-Level 
Oondenser 


be working on the cavitation limit, and it is 
sometimes thought that this is a dangerous 
procedure and likely to result in pitting and 
erosion of impeller and casing. Long experi- 
ence has shown, however, that a correctly 
designed and installed pump may operate under 
these conditions indefinitely, suffering no 
damage and not requiring special materials. 
Controlled-Level Condenser —On the con- 
trolled-level type of condenser the water level 
is maintained between definite and close limits 
by a float-controlled three-way valve. If the 
draw-off to the boilers exceeds the rate of 
condensation in the condenser, the water level 
falis slightly, and the ball-float-operated valve 
admits make-up water to the condenser from 
the surge tank. When the supply to the boilers 
is less than the rate of condensation, the rise 
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in level, through the operation of the valve, 
permits the surplus water to be discharged 
from the pump direct to the surge tank. 

For steady load conditions, at any load, 
where the boiler demand equals the rate of 
condensation, there is no flow either into or oyt 
of the surge tank and the level in the condenser 
remains in the mean position. 

The operating characteristics shown in Fig, 7 
differ in many ways from those for a free-leye} 
condenser. It has already been shown that an 
extraction pump can operate quite safely on 
the ‘‘ cavitation limit” inlet head curve B, 
The possibility of trouble arises, however, when 
the inlet head is artificially maintained «bovye 
this curve, and to ensure freedom from cavita. 
tion trouble it is essential to provide a minimum 
margin as shown by curve B,. The shaded 
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A Static inlet head plus vapour pressure. 

A—C=hy=minimum atatic ion over pump inlet for 
varying outputs. 

B Cavitation limit inlet head curve. 

B,—B Cavitation margin or cavitation area. 

E—C Minimum safe static inlet head. 

D Normal pump head characteristic. 


FiG. 7—Operation of Extraction Pump on Controlled- 
Level Condenser 


area between curves B and B, is the dangerous 
“cavitation area” and must be carefully 
avoided. 

Allowing for pipe friction, &c., the curve A 
is established, and the minimum required static 
head over the pump inlet is hy=A—C. As 
the water level is maintained approximately 
constant, it must be arranged to suit maximum 
load conditions, as shown by line Z, if trouble 
is to be avoided. If the level is arranged lower 
than this, as sometimes happens, say, at F, 
then satisfactory operation would take place 
at all loads up to G, but beyond this point the 
pump would be operating in the dangerous 
“* cavitation area.” 

Thus the minimum static inlet head 

het = hap +hem+ hy 
where hem=cavitation margin=E—C (based 
on full-load conditions). 

As the rate of pumping is not controlled by 
the, level in the condenser, and as the outlet 
is not freely open to the surge tank, it is obvious 
that the rate of output at any given moment is 
determined by the amount of restriction on 
the discharge side. Therefore, the net head 
characteristic follows the normal pump charac- 
teristic as shown at D. 


(To be continued) 
——$_—_¢—— 


NATIONAL SMOKE ABATEMENT Society.—A letter 
on behalf of the National Smoke Abatement Society 
was published recently in The Times drawing 
attention to the valuable work of the National 
Smoke Abatement Society for public health and 
amenities and for ending what had been called the 
“smoke tax ’’—the unproductive expenditure of 
at least £100 million a year to clean up smoke 
deposits and repair the damage done. Although 
the Society’s membership includes many repre- 
sentative bodies and individuals, it is rey dea. oat 
of any particular interests and its valuable work is 
hindered by lack of funds and anxiety about the 
future. Inviting subscriptions or a grant, the letter 
concluded by saying: ‘‘ Considering that its income 
has not yet reached £5000 a year, and that it has a 
staff of only five, with a London headquarters and 
six divisional councils, the National Smoke Abate- 
ment Society has already done a valuable amount of 
good work and ean be relied upon to make effective 
use of the funds it needs for its educational and 
propaganda work and services.” The headquarters 
of the Society are at Chandos House, Buckingham 
Gate, London, 8.W.1. 
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Test Flying in Naval Aircraft’ 
By LIEUT-COMDR. E. M. BROWN, R.N.t+ 
i'he author has been engaged wpon the development of flying techniques suited to the 


operation of high-speed and multi-engined aircraft’ from aircraft carriers. 


Some 


structural requirements peculiar to such aircraft and their effect on performance 
are mentioned: they relate to the wing structure and the arrester and catapulting 
gear. The development cycle of a naval aircraft is traced and the nature of static and 
flying tests described, together with an account of two assisted take-off devices. 


NAVAL aireraft’s design is dictated by the 

fact that its main purpose is its operation 
fom an aircraft carrier at sea, and at once this 
means that severe limitations are imposed on 
its shape and performance. 

To begin with the aircraft must be made to 
fit into the hangar of its parent ship and share 
that confined space with as many other of its 
brethren as possible. The usual method 
employed is to fold the aircraft's wings out- 
board of the centre section which carries the 
undercarriage. Some designs have wings that 
twist from the horizontal spread position to 
a vertical position for stowage along the sides 
of the fuselage. Others simply have the wings 
folding upwards, and carrying this even further 
may have a second fold outwards at the tips 
because of the restriction in headroom in the 
hangar. With later types of high-speed jet 
aircraft, it is becoming increasingly difficult to 
fold their very thin wing sections, so they are 
left with fixed wings, but the nose wheel of the 
tricycle undercarriage (with which almost all 
jets are equipped) is made to “ kneel ” when the 
aircraft is at rest, and thus the next aircraft 
astern of it can be tucked in close under the 
kneeling aricraft’s raised tail. This may be 
taken a step further in the future with the pro- 
jected removal of the undercarriage, thus 
making tier stowage possible. 

Nowadays wing folding is done hydraulically 
under control from the pilot’s cockpit in order 
to'speed up the rate of operation of take-off and 
landing. Another reason why \power folding has 
outmoded manual folding is that the operation 
usually takes place in high wind conditions, 
and in such cases it is very difficult to manhandle 
aheavy mainplane from one position to another. 

The process of taking-off and landing on a 
earrier calls for special requirements. which 
almost inevitably result in a loss in perform- 
ance. Each item has been designed to reduce 
this loss to a very small accumulative reduction 
in performance, but any such reduction is very 
serious in the light of the present trend towards 
transonic and supersonic speeds. 

The arrester hook itself is not large and pro- 
jects only slightly from the streamlined contour 
of the fuselage, and at most probably knocks 
three knots off the aircraft’s speed, but it does 
contribute excess weight, particularly at its 
attachment point where strengthening is 
obviously required to withstand the retardation 
loads. The launching hook is in approximately 
the same category, but there is‘a greater weight 
penaliser than either hook in the shape of the 
undercarriage itself. The naval aircraft is, by 
virtue of its semi-stalled method of landing, 
subjected to very heavy vertical velocities of 
the order of 15ft per second as opposed to the 
normal R.A.F. type of landing at about 8ft 
per second. This extra rebound absorption has 
to be paid for in heavier structure with its 

consequent penalties. 

Various ingenious methods of attaining:a high 
maximum lift coefficient in ‘the landing con- 
dition have been ‘exploited on naval aircraft, 
and all have resulted in either a drag or weight 
penalty in normal flight. Well-known examples 
are the Youngman flaps fitted to the ‘‘ Firefly ” 
and the variable incidence wing fitted to the 


“ Seagull.” 
Tue SystEM 


From the moment a naval aircraft is con- 
ceived its development is entirely under the 
control of the Ministry of Supply with the manu- 
facturing firm on the one hand and the 
~ * Admiralty Bulletin No. 38. Abstract. 

: of a Naval Test Pilot, Royal Aircraft Establishment, 





Admiralty on the other assuming secondary con- 
trol at various stages in its embryo career. The 
firm which receives the contract to build a proto- 
type undertakes the flight testing through the 
initial stages up to a point where they consider 
it fit to undergo Service acceptance trials, and 
then they pass it on to the Ministry of Supply 
Aeroplane and Armament Experimental Estab- 
lishment at Boscombe Down, Here, its 
handling characteristics are checked with 
particular reference to its suitability for deck 
landing. If satisfactory, it is passed on to the 
Royal Aircraft Establishment at Farnborough, 
where it is put through its paces in arresting 
and catapulting up to the absolute factor limits 
to which it was designed. Eventually, when a 
satisfactory standard is reached, the Con- 
troller of Supplies (Air) will issue a release to 
the Service, giving the necessary information 
on how the aircraft or the associated equipment 
should be used. 
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These trials call for a series of landings into 
the arrester wires to produce an eventual 
deceleration of about 4g at up to 15ft off the 
centre line at the maximum aill-up landing 
weight, and a series of catapulted take-offs-up 
to the maximum capacity launching speed of 
the type of catapult used. 

The arresting test is designed to check the 
strength of the arrester hook installation up to 
the maximum emergency deceleration likely to 
be experienced in service, and, in addition, at a 
side load of 1/4 W (W=all-up weight of air- 
craft) to allow for an error by the pilot on 
making his touchdown off the centre line of the 
carrier's flight deck. The maximum off-centre 
distance catered for is 15ft, because any error 
beyond this by a pilot will almost certainly 
earry his aircraft over the~edge of the flight 
deck. 

It is surprising what a large percentage of 
new aircraft fail to pass this test at the first 
attempt, and it is not always the hook which 
fails under the strain. I have had aircraft 
break completely in half, leaving the rear half 
firmly attached to an arrester wire, and on other 
occasions the tail unit has warped into corruga- 
tions under the effect of side load. 

These tests provide an incidental functioning 
check on the damping apparatus incorporated 
in the arrester hook to prevent ‘its bouncing on 
impact with the deck. Since the arrester wire 
is only some 4in above deck level at the lowest 
point of droop between its two 9in high supports, 
the tolerance is very small. Indeed, it is at a 
minimum for a landing made dead along the 
centre line of the flight deck. 

This is all, of course, only preparation for the 
first actual landing of the new aircraft on a 
carrier, but the tests have been so compre- 
hensive that troubles on the first full-fledged 
trials are rare. 

Between these phases of deck landing ‘trials 
the aircraft will ‘have been put through ‘its final 
paces in performance, stability and control 
tests, and ‘preliminary checks will have begun 
to be made on armament equipment at 
the Aeroplane and Armament Experimental 
Establishment, Boscombe Down. 

By this time, too, more than one ‘prototype 
aircraft will be in existence, so that concurrently 
with the A. and A.E.E. tests there can proceed 
at R.A.E. the catapult and rocket-assisted take- 
off tests. 

Initially ‘the aircraft is launched from: the 
catapult at light weight to enable the maximum 


acceleration and ‘end speed to be obtained from 


the type of catapult used, thus checking the 
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factor limit stresses on the aircraft’s structure. 
Here again failures are quite common and 
mainly consist of e resulting from 
bottoming (i.e., full compression) of the oleo 
legs as the aircraft squats under the down- 
ward pull of the launching strop from the cata- 
pult shuttle, which latter strains forward under 
ever-increasing pressure until finally the tail 
holdback is released by the breaking of a metal 
ring at a predetermined load. 

Tae all-up weight of the aircraft is increased 
gradually up to the maximum service load. 
As the aircraft weight goes up so does the 
catapult end speed come down, but this latter 
must not fall below a minimum for safe take-off 
speed, 

The overload conditions will follow as a 
natural sequence at this juncture, and provide 
a@ simultaneous check on the suitability of 
stores (which include bombs, long-range fuel 
tanks, rocket projectiles, &c.), and their carriage 
attachments to withstand the accelerations 
imposed by the catapult. 

Failures are not so common during catapult- 
ing as they are in arresting, and usually occur 
at the overload condition when bombs may fall 
off or a torpedo may have its air tail cut off by 
the threshing wire launching strop as it frees 
itself from the aircraft’s hook at the end of a 
launching run. From time to time peculiarities 
are met, such as the directional instability of 
the ‘‘Sea Fury,” whose prototype left the 
catapult in a violent swerve, but remedial 
action is usually simple. In this particular 
case the fitting of a tail wheel lock was the 
answer. 

R.A.T.O.G. (rocket-assisted take-off gear) is 
designed to improve the length of take-off run 
required. Two units are fitted to an aircraft, 
one on each side, usually located near the trailing 
edge of the mainplane and ed so as to 
give a thrust as nearly as possible through the 
centre of gravity and along the power thust line 
of the aircraft when the rockets are fired, thus 
giving the minimum change of longitudinal 
trim. Each unit consists of a carrier for two, 
three or indeed any requisite number of 5in 
flashless cordite rockets, which each produce 
about 1200 lb thrust for a period of four seconds. 

The tests for R.A.T.O.G. are first a func- 
tional check on the electrical circuit. Then 
actual static firmg is done so that the aircraft 
merely moves forward under the impulse of the 
rockets with the engine idling. Thus the 
rigidity of the units and the flash effect on 
the runway and tail end of the aircraft are 
noted. Troubles are due mainly to weak 
mountings and damage to tailplanes and 
elevators from pieces of stone, &c., blasted up 
from the runway by the powerful efflux of the 
rockets. I have seen the recess bay for a 
retractable tail wheel so full of tarmac that the 
tail wheel could not possibly retract into it. 
In the good old days of fabric-covered elevators 
such as on the “ Swordfish ” and “‘ Walrus ” it 
was a common occurrence to ‘set the whole rear 
end alight, but stressed skin construction has 
now removed that hazard. 

The full flying tests consist of checks on .any 
change of longitudinal trim, measured take-offs 
at various loads, asymmetric take-off charac- 
teristics and jettisoning of the carriers after 
firing. From the measured take-off tests are 
produced the information required by the 
Service for operating R.A.T.O.G. This includes 
handling notes for the pilot and firing distance 
and ‘‘unstick”’ distance charts for various 
loads and wind speed conditions under which 
the particular type of aircraft is operated. The 
asymmetric tests are designed to assess the 
effect on directional trim and unstick perform- 
ance of the misfiring of any number of rockets, 
up to the maximum carried, on one side of the 
aircraft. Finally, tests are made to ascertain 
the safe speed range within which the empty 
rocket cases and carriers may be jettisoned 
without damaging the aircraft. In most cases 
it has been found that normal slipstream is not 
sufficient to carry them clear, and elastic bands 
have to be fitted to them under tension from the 
trailing edge of the wing so that extra down- 
ward and outward pull is obtained to give 
adequate clearance when they are released. 

These tests described constitute the essential 
checks in which failure is totally unacceptable. 
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The Internal Combustion 
Engine from the Users 
Point of View* 


By A. K. BRUCE, M.I.Mech.E., Mem.A.S.M.E. 


EXPERIENCE of engine operation at site is 
something which comes not to the engine builder 
but to the engine user. By -research and 
development, the engine builder acquires a 
vast amount of information and engine users 
profit from the publication of research results. 
For long-term assessment of engine performance 
the manufacturer remains dependent upon the 
experience obtained by the user and this 
determines whether or not an engine can be 
described as successful. 

This Association has striven to put on 
record information and experience relating to 
the authentic performance of engines of various 
types and sizes operating under the supervision 
of its members. The annual Working Costs 
Report includes information likely to guide 
engine users as to what factors contribute to 
economical and reliable performance. Students 
of the Working Costs Reports have found the 
tabulated information of high practical value 
though it relates, almost exclusively, to the 
performance of stationary engines operating 
in public, industrial and mining service. 

The engine user is justified in expecting that 
the manufacturer will keep his aim high. We 
want fewer seized pistons and stuck piston 
rings, less frequent need for overhauls, long 
bearing life, lower lubricating oil consumption, 
valves and valve seats that need less grinding, 
springs that do not break-up, injection equip- 
ment which does not dribble and studs and 
bolts which do not fracture. The engine manu- 
facturer must never lose sight of the problems 
which arise after the delivery of an engine. 

I cOmmence by suggesting the importance 
of the difference between the contents of the 
cases containing an engine and the total 
requirements of the installation ready for 
service. We must bear in mind the significance 
of the foundation, erection, first adjustments, 
and the need to study the equipment for 
erecting and dismantling heavy parts; circu- 
lating the engine and ensuring a clean fuel 
and air supply. Adequate spare parts and all 
other accessory equipment required for the 
operation and maintenance of the engine must 
be available from the outset. 

One point worth noting is that inferior or 
unsuitable valves on water, oil and compressed 
air circuits increase the operational risks. A 
practice which I have found most desirable is 
to use valves which have outside screws so 
that the attendant can see at a glance whether 
the valve is open or closed. This may save 
trouble as can the use of outside-packed cocks 
on drain valves. Flanged connections should be 
used in preferenee to screwed connections, and 
flanges on pipe lengths should be located, 
wherever possible, in accessible positions. 

Spare parts should not be regarded solely 
as items provided for use in case anything 
breaks. Their main function is to ensure that 
by systematic replacement there shall be no 
breakdown. 

Crosshead and Trunk Piston Design.—There 
are many situations where it is desirable to 
adopt crosshead construction. Apart from the 
greater immunity in respect of piston seizure 
where the torque reactions of the connecting- 
rod are taken on the crosshead guides, the pro- 
vision of an oil-tight compartment between 
the cylinder and the crankcase enable the 
cylinder lubrication and the bearing lubrication 
to be effected by the oils most suitable in these 
drastically different systems. The control of 
the cylinder lubrication and the prevention 
of upward splashing of lubricating oil onto the 
hot surface of the working cylinder promotes 
lower lubricating oil consumption. Both 
operational security and economy in lubricating 
oil are improved by the adoption of the cross- 
head design and there is no user of large engines 
who, with established experience of both 





* Diesel Engine Users Association, Thursday, March 
20th. Abstract. 
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constructions operating under similar condi- 
tions, will not prefer the crosshead type. 

The size of piston at which it becomes 
desirable to use liquid cooling is a controversial 
matter. The maximum power of an engine 
is often limited by the temperature attained by 
the top piston ring and the adverse effects of 
unsuitable design will not be removed by 
replacing an uncooled by a cooled piston. 
While stressing the advantages of cooled 
pistons the author is well aware of the great 
scope for fitting uncooled pistons. Cooling 
by oil is now more or less standard and will be 
still more obligatory where the so-called 
“boiler ’’ fuel-is burned in the engine. 

Engine Bearings.—Wide diversity exists, in 
comparable engines, in the projected area of 
the pressure lubricated bearings. The trend 
is to use precision finished bearing shells, 
these shells being machined and lined by 
specialist makers, but there is wide scope 
(notably on large engines) for the hand-fitted 
block-type bearing. Where prefinished bear- 
ings are used the maintenance engineer has 
certainly to know his job if such replacements 
are to prove satisfactory. The maintenance 
outlook and procedure which exist in a vast 
establishment for the servicing of commercial 
vehicles is very different from that in a power 
station equipped with large slow-speed engines 
where the periodic opening up of engines, 
examination of bearings and verification of 
alignment are normal routine operations. 
Even in small engines, it is not possible to 
correct misalignment due to crankcase dis- 
tortion by fitting prefinished bearings, and if 
bending stresses on crankshafts are to be 
avoided, accurate alignment is imperative. 
Wherever long life is achieved, it will be found 
that. the constituents of the bearing lining have 
been of high standard. It is true that high 
purity tin (a vital constituent of bearing metal) 
is now an expensive article, but the total 
weight of tin in the bearings of a modern 
engine is small and the cost is an extremely 
small fraction of the cost of the engine. 

It seems surprising that the physical pro- 
perties of anti-friction alloys are so rarely 
specified. Anti-friction metals made from 
cheap constituents in which scrap has been 
used are always low in fatigue strength and 
this prejudices good performance. No matter 
how good the alloy, the designer, to give us 
trouble-free service, can assist by providing the 
best path for the transmission of heat from the 
source of generation to the region of the bearing 
housing. I believe that excessive temperature 
is a more serious cause of failure than is the 
factor of pressure and that due consideration 
should be given to the use of an excess oil 
quantity as a means of carrying away frictional 
heat. It should be remembered that the risk 
of corrosion due to decomposition of the 
lubricating oil is increased by excessive tem- 
perature. With a given pressure in the system, 
oil circulation is largely controlled by the 
running clearance. If this is too great, the 
bearing is liable to open up further by “‘ pound- 
ing.’ On the other hand, if it is too small, the 
oil flow is restricted and the bearing may 
become unduly hot. 

The longevity of engine bearings is influenced 
by the character, quantity and temperature of 
the lubricant and by the adequacy of the 
filtration. 

Lubricating Oil Filtration—It was estab- 
lished by Stanton that satisfactory hydro- 
dynamic conditions could be obtained with 
film thicknesses of less than 0-00005in. Den- 
nison, studying the oil film thicknesses in the 
crankshaft bearings of medium and high-speed 
engines with shaft diameters of from 5in to 10in, 
found that for satisfactory bearings the oil 
film thickness ranged from 0-0004in to 0-0006in. 
With film thickness of this order the need for 
filtering out abrasive particles is manifest. 
In addition to by-pass filters, the full flow of 
oil should go through a magnetic filter, this 
being specially urgent on a new engine. 

It is desirable that the oil filter should be 
available for use when the engine is standing, 
involving the use of an external pump, which 
can maintain circulation of the oil from the 
sump through the filter and back to the sump. 
Where the filter is electrically heated, such an 
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arrangement provides for the starting up 
the engine with oil of the required Viscosity 
thus avoiding excessive oil pressure jn the 
system and promoting good flow. 

Lubricating Oil Pipes and Valves.—Compar, 
tively high pressures may be imposed on thy 
pipes in the arterial system and particuly 
attention should be paid to the quality of th, 
pipes and to the integrity of the pipe Con. 
nections. Large pipes should have 
joints and all pipes should be of seamless tube 
The pipes should be .shot-blasted, rondere 
free from metallic scale or other deiachah) 
material and scoured out with oil pum 
through under pressure. On some engines jt 
has been found desirable to electrically wel 
the pipe connections so that the arterial systen, 
becomes a sub-assembly, which can be liydray. 
lically tested before being coupled up to the 
points of intake and distribution.’ 

Hand-operated valves on lubricating oil mapj. 
folds should have locking devices so that 
involuntary movement of the valve can hp 
guarded against and such valves should not 
have spindles with very coarse-pitched threads, 
where a small movement of the handwhes 
may cause excessive reduction in the lubricating 
oil pressure. : 

Oil Coolers—There are many engine use 
who experience severe disappointment with 
actual oil cooling performance when the engines 
are delivered and put to work. One of the 
reasons is the progressive deterioration of the 
dissipating capacity due to fouling of the tube 
surface, and if the cooler is just able to keep the 
discharge temperature of the oil down to the 
required level when the tube surface is clean, 
it is not large enough for the job. 

The size of an oil cooler is determined by the 
coefficient of heat transfer and also by the mean 
temperature difference between the oil and the 
water. For example, to cool oil from 110 deg. 
to 90 deg. Fah. with water at 80 deg. Fah. 
requires a cooler twice the size of one where, 
with the same inlet water temperature, the oil 
is to be cooled from 128 deg. to 108 deg. Fah. 
Engine users must note the effect on the pres- 
sure losses when changing over to lubricating 
oils of greater viscosity. Since the baffles in 
the oil cooler remain the same, either the 
delivery pressure at the lubricating oil pump 
becomes excessive or the engine bearings will 
be starved. We have to remember that the 
entire lubricating oil system is affected, includ- 
ing the pipe sizes, which are frequently too 
small. I beliéve that it is good practice to 
minimise the number of baffles in the oil cooler, 
thus ensuring lower pressure loss at low oil 
temperatures and when starting up. This 
involves an increase in the oil circulation and 
in the capacity of the lubricating oil pump. 

I would emphasise the need for removable 
tube stacks, correctly proportioned baffles, and 
such a fit of the tube stack into the cooler 
cylinder as shall prevent any short-circuiting 
of oil past the baffles. I further urge that 
engine users should insist on water boxes with 
separate covers so that the water side of the 
tubes can be cleaned without breaking pipe 
connections. ‘There should be much greater 
uniformity in respect of pipe connections and | 
would insist on flanged rather than screwed 
pipe connections, particularly where the pipes 
are not easily accessible. An excessive rise in 
the temperature of the oil delivered from the 
oil cooler necessitates a reduction in engine 
output if the safety of the engine is to be 
ensured. Insufficient oil cooling capacity can 
thus become a feature limiting safe engine 
output. 

Overspeed Trip Gear—lIn_ direct-coupled 
generating sets, there should be provided on 
the engine a simple mechanical emergency trip 
gear which will cut-off the fuel when the engine 
speed rises above a predetermined level. Any 
one who has known the havoc which may be 
caused by a runaway will not be likely to use 6 
generating set the engine of which is without 
an overspeed trip gear. 

Circulating Water.—Time and again I have 
seen the deplorable effect of unsuitable cooling 
water where by the employment of reasonable 
precautions the trouble could never have arisen. 
I think that those makers who, during recent 
years, have insisted on closed-circuit cooling 
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of their cngines are protecting both themselves 
and their customers. 

The quantity of water circulated through 
two-cycle engine of 2900 b.h.p. having water- 
cooled pistons per hour is~76,000 litres. The 
weight of water pumped through the pistons 
and jackets of such an engine per year of 5000 
working hours amounts to approximately 
368,300 tons, the weight of fuel injected being, 
in the same time, say, 2680 tons. These 

emphasise the importance of taking 
gach precautions as may ensure that the water 
ysed is in all respects suitable. 

Air Filtering.—Where great volumes of air 
must be used (as for the scavenging and charg- 
ing of large two-cycle engines) there is much to 
pe said for the system of sealing the engine- 
room and maintaining a small plenum therein, 
the air being delivered through a special filter- 
ing plant. In this way dust will be kept from 
the external as well as the internal parts of the 
engines and other equipment. 

In the Ruhr district of Germany I found that 
the atmosphere contained from 25mg to 30mg 
of solid material per cubic metre. If we take, 
as an illustrative example, the 2900 b.h.p., 
two-cycle engine referred to in the preceding 

ph, the air inhaled for scavenging and 
charging the engine is approximately 945,000 
cubic feet per hour. Assuming, as before, an 
operational year of 5000 working hours, the 
total volume of air inhaled will be 945,000 x 
5000=4,725,000,000 cubic feet, which is equal 
to 133,800,000 cubic metres. At 30mg of dust 
per cubic metres, the quantity of dust inhaled 
year works out at 4014kg, which is equal 
to 3:94 tons (English). If a good air filter will 
reduce the amount of solid impurities passing 
the filter to 0-lmg per cubic metre of air 
inhaled, then in the example quoted above, 
the amount of solid material drawn into the 
engine will be reduced to approximately 2-8g 
per hour. 

Crankshafts.—There is a great deal to be 
said for the elimination of the diagonal holes 
drilled in crankshafts for the passage of the 
lubricating oil, but where these holes are 
retained, engine users should insist that all 
holes drilled in the crankshafts are reamered 
to smooth wall surfaces and the edges of the 
holes where they break out on main journals 
and crankpins swept to an ample radius and 
thereafter polished. There are enough poten- 
tial sites for stress. concentration without 
adding to them in manufacture. 

No engine should be delivered to a user 
without a micrometric chart showing the 
actual diameters of all journals, and the limits 
imposed in respect of crank web deflection. 

Much needless labour is imposed on erectors 
and fitters by leaving an excessive amount of 
— to be reamered out of coupling-bolt 

oles. 

Fuel Injection and FiltrationWhen using 
fuel of low viscosity it is necessary to make 
sure that the fuel pump driving gear is amply 
strong and that there are no weaknesses in 
those pipes and connections which must sus- 
tain the very high and rapidly recurring pres- 
sure peaks accompanying each injection. 
Especially to be desired are inflexible supports 
for the camshaft with bearings as closely adja- 
cent as possible to the fuel pump cams. It is 
to be noted that on large engines the use of oil- 
cooled fuel nozzles is increasing. There is 
need for the highest practicable standard of 
fuel filtration and there appears to be no lack 
of fuel oil filters capable of reducing the particle 
size within limits which do not involve risks 
of trouble with the fuel pumps. 

The use of scaleless tubing for fuel pipes 
should ensure satisfactory conditions as regards 
the walls of the pipes. Some engine builders 
fit magnetic strainers on the fuel lines as well 
as on the lubricating oil lines and it is hardly 
possible to take too many precautions to avoid 
wear in the fuel injection pumps and nozzles. 

Scavenging and Charging.—The use of direct- 
driven piston-type scavenge pumps for each 
cylinder is a notable feature of many modern 
two-eyele engines. Where the pumps are of 

rotary positive displacement type, great impor- 
tance attaches to the security of the drive. 
For the rotary blowers the main consideration 
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is operational security rather than maximum 
volumetric efficiency. 

Scavenging and charging by exhaust gas 
driven turbo blowers has become a familiar 
feature of the four-cycle engine ; nevertheless, 
the engine user needs to be satisfied that the 
charging is not carried to excess. The fact 
that supercharged engines are rated for brake 
mean pressures up to 150 Ib per square inch 
does not prove that they will give. satisfactory 
continuous performance under such conditions. 
Before these high b.m.e.p.’s can be contem- 
plated we should have precise information as 
to the ascertained rates of wear and other 
operational circumstances. 

Exhaust turbo charging involves consider- 
able first cost while introducing its own main- 
tenance problems.as well as the hazard of 
damage to the turbine. The advantages of 
turbo charging can only be realised where the 
design of the engine conforms to the require- 
ments of this method of working. These 
requirements relate to the exhaust pipes, valve 
setting, dimensions of in cylinder 
head, the piston and the fuel injection. 

On suddenly fluctuating loads it must be 
certain that the rise in speed of the blower shall 
be sufficiently rapid as to provide the required 
air. In the event of any mechanical failure of 
the blower, there must be a very large reduction 
in the load delivered, unless the valve setting 
is changed. Where turbo charging is fitted, 
particular attention must be paid to the 
filtration of the air inhaled. The user of a 
turbo-charged engine should see that the 


cooling water circuit of the turbo-charger is . 


adequate; that the water temperatures are 
indicated by thermometers ; and that adequate 
spare parts are always available. 

Connecting-Rod Bolts.—There are wide dif- 
ferences in the recommendations of engine 
builders as to the time period for the renewal 
of connecting-rod bolts. From the maintenance 
angle, under-tightening is a greater source of 
danger than over-tightening, since the static 
tension in the bolt may be so low as to give 
rise to appreciable reversing stresses when the 
engine is running. Where the tensile stress 
in the bolt is a small fraction of the fatigue 
strength of the material, the bolts should 
last as long as the engine. 

Instrumentation.—Instrumentation should be 
as accessible as possible, notably as regards 
exhaust gas, lubricating oil and cooling water 
discharge temperatures. It is a desirable prac- 
tice to connect a pressure gauge to the point 
in the pressure lubricating system where the 
pressure is normally lowest and it should be 
provided with contacts for connecting an 
audible or visible signal should the pressure 
fall to a minimum value. Any motor-driven 
pump which is vital to safe operation should 
have an indicating lamp. : 

Crank Case Explosion Precautions.—A warn- 
ing plate should call for immediate stoppage 
of the engine in the event of it becoming over- 
heated and state that no casing door should 
be loosened until the engine be cool and that 
starting air must not be turned onto an over- 
heated engine. All power stations should 
possess efficient breathing apparatus as well as 
fire suppressing equipment. An oil fire is 
usually accompanied by the formation of an 
oil fog, the existence of which can extinguish 
visibility while rendering the atmosphere 
suffocating. Valves on fuel tanks inside the 
engine-room should be accessible from floor 
level and all cable connections and electrical 
control gear should be placed as far as possible 
from danger due to fire. 

Maintenance.—Extreme precision in mass 
produced components imposes on the user 
certain problems in maintenance, since the 
target of the designer of mass produced engines 
is rapidity of manufacture rather than conveni- 
ence in maintenance. Engine maintenance is 
not a science which can be learned by knowing, 
but an art which can only be learned by doing, 
and to produce engines without at the same 
time producing men skilled in their maintenance 
is just banking up trouble. Nothing that, can 
be done by the designer or by instrumentation 
will take the place of experienced watch- 
keeping engineers and maintenance men. They 


are entirely indispensable. 
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An Engineering Stores 
Classification System 


We learn that satisfactory results have been 
achieved after two years’ experience with the 
Brisch system of classification in the primary 
materials stores of the General Electric Com- 
pany’s Union Works at Wembley. These 
works manufacture a wide range of electrical 
products, for which a considerable variety of 
materials used to be bought and stored. In 
time a relatively large number of kinds, grades 
and sizes of materials, mostly metal sections, 
were acquired, which gradually resulted in an 
accumulation of idle and redundant stocks. 

As material supply and control became 
increasingly difficult, means had to be devised 
for eliminating unnecessary varieties, and 
recording, arranging and controlling the neces- 
sary varieties, and it was decided to introduce 
the Brisch system. It is now in full operation 
and the rationalisation of storekeeping has 
eliminated much redundant stock, which has 
either been exchanged for standard materials or, 
where appropriate, redrawn to standard sizes. 
The stocks thus used up during the two years 
represent no less than 28-30 per cent of the total 
redundant stock. The system has also led to an 
improved stores arrangement. About 50 per 
cent more material can now be accommodated 
in the same stores area and there are better 
facilities for handling. Furthermore, unskilled 
labour can be used in the stores because store- 
keeper’s memory and knowledge are no longer 
significant factors in the daily business. Indeed, 
with a staff reduction of one, the system has 
permitted upwards of a 250 per cent increase in 
the number of items issued and a substantial 
increase by weight. Such a system deserves 
special emphasis at a time like the present, when 
materials and manpower are at a premium. 

The Brisch system of classifying industrial 
and commercial goods is a decimal system 
employing a concise, uniform notation which is 
descriptive of the goods coded, unlike some 
other decimal systems which have no logical 
link between the article or material and the 
associated number. While the Brisch system 
is in every case expressly adapted to meet the 

uirements of the organisation concerned, 
the number of digits allocated does not normally 
exceed seven, and anything likely to be used 
in industry or commerce can be classified under 
ten general headings, as follows :— 


0000 Structure, organisation, staff, finance 
1000 Raw materials 

2000 Bought-out parts 

3000 Components 

4000 Assemblies and sub-assemblies 

5000 Tools and implements 

6000 Production plant 

7000 Buildings, services 

8000 By-products, scrap, waste 

9000 Special problems 


Each main class can be sub-divided into nine 
sub-classes, each sub-class into nine groups, 
each group into nine series, and each series 
into 999 sector numbers. 

For example, in the G.E.C. stores, the number 
1174-401 would be analysed as follows :— 


1+++-+++4 ... Primary materials 
+1++-+++ ... Iron and carbon steels 
++7+-+++... Tubes 
+++4-+++... Mild steel 


Round, seamless, specified lengths 
0-750in O.D. by 10 8.W.G. by 
27-500in long 


Therefore 1174~401 is bright mild steel tube, 
round, seamless, 0-750in O.D. by 10 S.W.G. 
by 27-500in long. 

The of each digit can be readily 
understood and though it is unnecessary to 
memorise the system, in practice those using it 
soon learn to recognise and appreciate the 
repetition of fundamental patterns of classifica- 
tion. Reference to the code data is thus 
simplified and facilitated. « 

The system can be applied to any products or 
materials. In the Union Works it is used for 
rod, tube, sheet, metals and non-metals, wires 
of various kinds, adhesives, abrasives, and is 
now being extended to screws, nuts, washers, 
and fasteners in general. 


++4+++ 444... 
+4+4+4+-401... 





Metallurgical 


The Nickel Industry in 1951 


Dr. Joun F. THompson, chairman and 
president of the International Nickel Company 
of Canada, in the course of a review of the nickel 
industry in 1951, has stated that Canadian 
producers were responsible for more than 90 
per cent of the supply of rickel in non-Soviet 
countries. Reliable estimates of nickel pro- 
duction in Soviet Russia and satellite countries 
are not available, but it is believed that the 
free world’s total of nearly 300 million Ib is 
several times greater than that behind the Iron 
Curtain 


Measures to maintain this superiority in 
nickel supply were taken during the year by 
established nickel producers as well as new 
potential producers, in a number of instances 
with government co-operation. These efforts 
will assure continuance of the amounts now 
available and are expected by 1954 to provide 
an increase of approximately 30 per cent over 
that available before the Korean conflict. 

Supplies of nickel to industry were rationed 
during the entire year. In the United States 
a voluntary programme of nickel distribution 
existed in the first half, based upon defence 
rated orders plus an equitable distribution of 
the balance for civilian needs. During the 
latter half of 1951 nickel was allocated by the 
National Production Authority from Washing- 
ton and a metallurgical conservation section 
reviewed all orders in an effort to minimise the 
requirements for the metal. In other major 
countries somewhat similar controls were 
exercised. 

Military and military-supporting demands 
were large and the supply of nickel for civilian 
uses was small 

During the year producers and users of nickel 
continued to attack the task of nickel con- 
servation. Under the direction of Government 
agencies downgrading of alloy content of 
engineering alloy steels has occurred in an 
effort to make more nickel available for jet 
engine alloys and other components necessary 
in the de‘ence programme. 

Total production of all types of stainless 
steels in 1951 was greater than in any previous 
year. The aircraft industries of the United 
States, Great Britain and Canada, with their 
developments of jet propulsion, are taking 
larger amounts of stainless steels of higher 
nickel content. Navy, Army and Atomic 
Energy Commission requirements for these 
steels for equipment and material have been 
heavy. In addition, the chemical and petroleum 
industries have been allowed large quantities 
for use in the expansion of defence-supporting 
facilities. Therefore, chromium grades have 
been substituted, where possible, for civilian 
applications in an effort to conserve nickel, 
and this has been responsible for the increase 
in the total output of all varieties of stainless 
steels. 

The age-hardenable series of nickel-chromium 
alloys, such as Nimonic “75,” “‘80” and 
**90,”’ Inconel ‘‘ X ” and Inconel “ W,” con- 
tinue to be used extensively in components of 
gas turbines and reciprocating engines for air- 
craft. 

Production of heat and corrosion-resisting, 
high-nickel alloy castings has been substantially 
higher this year, reflecting jet engine com- 
ponents and industrial furnace demands. 

Military demand has necesgitated the elimina- 
tion of nickel-plating for many civilian applica- 
tions. Since no substantial defence items have 
appeared in this field, plating usage has been 
reduced materially from former practice. Con- 
servation efforts have increased interest in the 
use of plating for mechanical properties and 
protection against rust, chemical attack and 
high-temperature oxidation, but these applica- 
tions have not been so developed that plated 
materials can substantially replace other corro- 
sion-resisting alloys. Small gains have been 
noted in nickel-lined pipe to resist chemical 
attack, nickel-coated strip for electronics use, 
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and, in England, nickel-coated parts for high- 
temperature corrosion. 

The production of nickel silver, an alloy of 
copper, nickel and zinc, for civilian uses has 
been curtailed to divert nickel into defence 
products. This has been accomplished by 
restricting the use of nickel silver for purely 
decorative purposes and reducing the permitted 
nickel content to the minimum required for 
corrosion resistance and strength. 

An instance of one way of spreading the 
supply of nickel is in International Nickel’s new 
alloy, ‘‘ Incoloy,”’ introduced during the year. 
This lower nickel-containing alloy is being 
substituted for one having a much higher nickel 
content in many heat-resisting applications 
such as sheathing materials for electric heating 
elements in domestic ranges and industrial 
heaters. 

In conclusion, Dr. Thompson stated that for 
the duration of the present emergency the 
most important objectives of the nickel industry 
will be to continue to supply the free world 
with the maximum amount of nickel and to 
develop ways and means of conserving the 
present available supplies. 


Heat-Treatment of Low-Alloy Steels 


Ir is well recognised that, as a preliminary 
stage in the heat-treatment of a large forging, 
normalising is essential if the best properties 
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Curve 1, normalised 970 deg. Cent., water quenched 

810 deg. Cent. 

Curve 2, normalised 920 deg. Cent., water quenched 

825 deg. Cent. 

Curve 3, normalised 870 deg. Cent., water quenched 

860 deg. Cent. 

Fic. 1—Influence of Heat-Treatment on the Properties of 
Steel Containing Carbon 0-31, Manganese 1-12, 
Chromium 0-79, and Vanadium 0-18 Per Cent. 

Treatment : 


are to be obtained. Normalising (i.e., heating 
to and, if necessary, holding at a suitable 
temperature above the transformation range, 
followed by cooling freely in air) not only 


Topics 


when the steel is heated for hardening, but j 
also produces greater uniformity in the resyltj 
austenite solid solution and thus in the :nartep, 
site formed from it on quenching. 

This double treatment, though perhaps no; 
so essential in small forgings, is nevertheley 
most desirable, and is, in fact, indispensable jj 
the best response to heat-treatment is to x 
secured in low-alloy steels. The matte: ig djs. 
cusséd by W. Eilender, H, Arend, W. Neuhays' 
in a paper on “Improvement of Mechanica) 
Properties of Low-Alloy Heat-Treated Stee] by 
Choice of Heat-Treatment Temperatures and 
Times.” These authors carried out tests oy 
several carbon steels and low-alloy steels wit) 








40 


an 
a 




















x “hn 
20 : . 
1 V, 4 Y Se: Uf I% 
0 \. 0 “AQ \) 
70 80 90 100 110 90 100 110 120 1% 


Yield Strength - Kg/mm? Yield Strength - K>/mm? 

















































































































& 40 aa F 40 v1 T 
3 20 rid § 20 plas 
7 an 
s . b- = 4 i 
< 0 < 0 | 
80 90 100 110 120 100 110 120 130 14 
Tensile Strength - Kg/mm? Tensile Strength - kg/mm’ 
uf m™ £ 4 
TAX 2 - » 1 
ie ola-< wae 
te a a ee 8 12 6 20 
Elongation % Elongation % 
rls) 4 
ag | 
° 90 Pa © 20 Aves 
> <¥ 7 f La > 1 V4 y c 4 
e \al a | 
Ry 0 A “ 0 Fd ~ 
$ 55 45 55 75 85 
= =  Reduetionof Area 
— % 17 
7 A 
20 20 <a 
/ . & = 
0 § 0 % 2% 0 § 10 65 2% 





lmpact Value - Kgm/em? 


FiG. 2—Properties of Drop Forgings of Manganes- 
Vanadium Steel After Treatment Given in Table I 
{Curve I, 114 specimens, Curve 2, 65 specimens. 

FiG. 3—Properties of Drop Forgings of Chromium. 
Vanadium Steel After Treatment Given in Table I 
Curve 1, 148 specimens. Curve 2, 56 specimens. 


Impact Value -Kgm/em? 


the object of improving their tensile properties 
and impact value by modification of the usual 
heat-treatment. Their idea, in conformity 
with a well-established principle, was to obtain, 
before quenching, a homogeneous austenite, 
as free as possible from nuclei, at which break- 
down of the solid solution may begin, in order 
to secure a uniform transformation to marten- 
site. By raising the normalising temperature 
and lowering the temperature from which 
(after an appropriate time of heating) the steel 
is quenched, a general improvement in pro- 
perites was obtained in certain drop forgings of 
low-alloy steel. The dimensions of the drop 
forgings are not given. At the same time, the 
steels showed less mass effect and a greater 
resistance to tempering (Fig. 1). Moreover, it 




















refines the grain size, so that solution of carbide ® Archiv far das Bisenhite te y [Februsry, 
takes place more rapidly and more completely _ 1952, Vol, 23, page 67. 
TaBLE I.—Data Concerning Steels Referred to in Figs. 2 and 3 
: E 
Composition of steel, per cent. Heat-treatment, deg. Cent. 
Fig. -| Curve - 
No.| © Mn ee a No. | Normalised Oil-hardened Tempered 
2 0-42 1-75 —_ | 0-14 1 850-860 850-860 560—600* 
2 890-919 820-830 580-610t 
3 0-30 0-60 2-36 0-20 1 860-870 860-870 580-600* 
2 900-930 830-840 590-610} 























* Cooled in oil or air. + Cooled in water 
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was possible to change over from oil to water 
hardening without fear of the danger of cracking 
or distortion. Examples are given in Figs. 2 
and 3 of the greater uniformity of tensile 
strength and the imprevément in elongation 
and impact value secured by modifying the 
treatment in the manner shown, The marked 
rise in impact value may have been due in part 
to the water cooling after tempering, but this 
would not account for the improved elongation. 
The mean tensile strength in some cases was 
slightly lower after the recommended modifica- 
jon of ageenage and hardening temperatures, 
but in the case of a steel similar in composition 
to that referred to in Fig. 1, the tensile strength 
also was raised by the treatment. 

The results are of interest since economy in 
the use of alloy elements becomes more and 
more important, and heat-treatments must 
therefore be designed to produce the best 
possible response from the material available. 


Solidification of Steel Ingots 


Four methods have been employed in studies 
of the rate of solidification of steel ingots. 
fn the first place, there are the bleeding or 

“pour-out”’ tests which have been widely 
used and which give reliable measurements 
of rate of skin formation, but are not suitable 
for investigating the later stages. of solidifica- 
tion. Then there is the mathematical approach 
which, however, involves certain simplifying 
assumptions and requires an accurate know- 
ledge of the thermal properties of the materials 
concerned, not only at atmospheric but at high 
temperatures. These two methods have been 
employed for many years. Later, the elec- 
trical analogue method was introduced and 
proved to be a valuable means of investigation. 
It is based on the analogy of the fundamental 
equations for the flow of heat and of electricity, 
so that a suitably designed electrical installa- 
tion can be manipulated to give the solution of 
heat-transfer problems. This method again 
depends on an accurate knowledge of thermal 
properties of metal and mould, and needs care- 
ful checking by actual observations on ingots 
or castings. Until recently, such observations 
were almost completely confined to ‘“‘ pour- 
out” tests, which give no check on deductions 
about the end of freezing. It would appear that 
the most trustworthy information about tem- 
perature gradients in metal and mould, rate 
of solidification and total time of freezing 
would be given by direct temperature measure- 
ments; but experimental difficulties are very 
great in applying this method to large ingots 
and, apart from measurements of mould tem- 
peratures, it has been used only in connection 
with relatively small masses of steel. 

C. W. Briggs and R. Gezelius' used direct 
temperature measurements to determine the 
temperature gradients in metal and sand moulds 
of different shapes and sizes up to 9in diameter 
spheres; and D. R. F. West* employed the 
method on 3in by 3in by 5in sand castings, with 
and without chills. Information based on 
temperature measurements is now accumu- 
lating. H. F. Bishop, F. A. Brandt and W. 8. 
Pellini® have applied the method to castings, 
and recently the same authors‘ have reported 
on @ careful study of temperature distribution 
in metal and mould of a steel ingot, 7in by 7in 
by 20in, by means of thermocouples placed 
at various positions in the metal and in the 
mould. This is a welcome extension of a direct 
method which can provide exact information 
for all types of metals and alloys, i tive 
of their solidification range, and by which the 
entire course of solidification from surface to 
centre-line of the ingot can be followed, as 
well as the temperature changes which take 
place in the mould. It is of interest, therefore, 
to examine some of the conclusions drawn by 
the authors from the results of their thermal 
measurements. 

Solidification of the steel inwards from the 
mould surface is characterised by two fronts— 
the start and the end of freezing—and these 
simultaneously travel into liquid which remains 
essentially isothermal at the liquidus tempera- 
ture. The space between these fronts, which 
indicates the zone of intermixed liquid and solid 
(dendritic growth), is proportional to the width 


‘ 
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of liquidus to solidus temperature, and is 
dependent, within limits, on mould thickness. 
Linear solidification rates, based on the end 
of freezing, are parabojic only during approxi- 
mately the first half of the solidification process, 
after which there is a rapid deviation from the 
parabolic relationship. The well-known formula 
derived from ‘“ pour-out” experiments, d= 
ka/t, where d is the thickness of crust formed 
in a time t, applies only during the early stages 
of solidification. If the curves are extra- 

polated back in a straight line, the superheat 
delay factor c of the formula d=k,/t—c may 
be deduced. The effect is not, however, a 
simple postponement of the start of freezing 
but rather a decreased initial solidification rate 
due to the presence of superhéat. Superheat 
is completely liberated at early stages of solidi- 
fication. During the period of superheat 
elimination, the rate of solidification is retarded. 
Following this period, linear solidification rates 
become essentially equal irrespective of initial 
superheat, though increasing superheat pro- 
duces a general coarsening of _ micro- 
structure. 

Within the limits investigated, pe of 
Tin by Tin section solidified completely in ten 
to twelve minutes. These ingots developed an 
air gap at one to 14 minutes after pouring, with 
consequent marked temperature fluctuations 
at the metal/mould interface ; thermocouples 
had been placed on each side of and very close 
to this position. That these temperature dis- 
turbances were the result of an air gap was 
verified experimentally by pouring a similar 
ingot in a 2}in thick mould with a 45 deg. tilt, 
so that the bottom face remained in continuous 
contact with the mould while the opposite 
side could shrink away to form an air gap. 
The mould interface temperature on the top 
side fell when the air gap formed, but on the 
bottom side it rose steadily throughout the 
period of solidification. It may be recalled that 
B. Matuschka,® working with a 10in diameter 
ingot of 0-65 per cent carbon steel and a mould 
of 3#in wall thickness, found that an electrical 
current through the mould and ingot was broken 
by an air ‘gap one minute twenty-five seconds 
after pouring. After the formation of an air gap, 
the total heat transfer of a particular ingot in a 
given mould remained essentially constant. It 
is clear that air gap formation may exert a 
pronounced effect on the rate of solidification 
of ingots in metal moulds. The influence of air 
gap and air gap time has been clearly revealed 
by theoretical calculations and by the electric 
analogue method in results obtained with the 
electric analyser. It is a point which cannot be 
checked by pour-out experiments, but it may 
confidently be expected that the direct tempera- 
ture measurements which are now being made 
to an increasing extent will provide valuable 
data on this aspect of the behaviour of ingots 
on solidification. 
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Accelerated Oxidation of Metals at 
igh Temperatures 


Ox1paTION of metals at high temperatures 
usually proceeds at a decreasing rate owing to 
the fact that further reaction is hindered by the 
presence of an intervening layer of scale. In 
materials resistant to oxidation at high tem- 
peratures, the initially formed scale may afford 
almost complete protection. In other cases the 
protective effect may be very small; for 
example, the oxidation rate of tungsten between 
500 deg. and 900 deg. Cent. was reported by 
E. Scheil' to be linear, indicating that the 
oxidation product on the surface neither helped 
nor hindered the attack. There are, however, 
some metals and alloys which show an increasi 
rate of oxidation, showing that the formation of 
the layer of scale intensifies the attack. Molyb- 
denum and vanadium are two alloying elements 
which, in certain circumstances, are known to 
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cause this accelerated form of oxidation. 
Abnormally high rates of oxidation of alloys 
rich in these elements, and particularly con- 
tamination of metal surfaces by vanadium 
pentoxide and vanadium-containing fuel ash, 
constitute a serious handicap in the develop- 
ment of improved heat-resisting steels and in 
the improvement of the efficiency of jet engines. 

At the mid-winter meeting of the American 
Society for Metals, a paper was presented by 
A. de 8. Brasunas and N. J. Grant describing 

work undertaken with the object of reaching a 
better understanding of this accelerated oxida- 
tion. The alloys studied were 16 : 25 chromium- 
nickel with either 6 per cent of molybdenum or 
6 per cent of vanadium. Variations of these 
compositions were also studied, nickel only 
being varied from 0 to 40 per cent in one series, 
and chromium only from 0 to 35 per cent 
in another. Tests were made over a tempera- 
ture range of 780 deg. to 1150 deg. Cent. 
The rate of reaction was uently so 
rapid that the heat liberated raised the 
temperature of the specimen, resulting in 
further acceleration of oxidation. 
the composition of the 16 : 25: 6 type of siley 
had only a slight effect on. the rapid rate of 
oxidation, except that increased amounts of 
nickel were effective in slowing down the attack. 
Abnormally large amounts of molybdenum or 
vanadium were detected in the oxide at the 
metal-oxide interface, at which the oxidation 
reaction occurs. The presence of a high con- 
centration of a metal having a volatile or low- 
melting oxide is apparently essential to a high 
oxidation rate, since contamination with such 
oxides (e.g., V,0;, MoO;, Bi,O,, and WO,) was 
shown to induce attack on normally oxidation 
resistant steels. The oxide formed on the 
16: 25:6 type of alloy was porous, permitting 
direct access of oxygen to the metal-oxide 
interface. 

The authors discuss theories of accelerated 
oxidation and finally suggest that the effect 
in the alloys studied is due to & reaction between 
molybdenum trioxide or vanadium pentoxide 
and unoxidised metal at the metal-oxide inter- 
face. Atmospheric oxygen penetrates the 
porous oxide and reoxidises the molybdenum 
or vanadium sub-oxides to their highest 
oxidation states. These mobile oxides then 
migrate to the metal surface as vapours or 
liquids to attack the metal again. Atmospheric 
oxygen merely regenerates the sub-oxides from 
a low to a high state of oxidation. In other 
words, the molybdenum or vanadium oxides 
act as oxygen carriers. 

Moving atmospheres which increase the rate 
of vaporisation of volatile oxides were found 
definitely to retard the oxidation rate of metals 
which form such substances during oxidation ; 
but of the alloys studied only those containing 
more than 30 per cent of nickel were found to 
have satisfactory oxidation-resistant properties, 
probably owing to the relatively high stal ility 
of the complex nickel-rich oxide forined. 


REFERENCES 
1 Zeitechrift fur Metallkunde, 1937, Vol. 29, page 209, 
print No. 3 
2 Am. Soe. for Metals, January, 1952, Preprint No. 3W. 
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Instirvrze or Wetpine.—The Institute of 
Welding is holding its spring meeting in Glasgow 
on April 24th, 25th and 26th. The whole of the 
first day will be taken up with two works visits for 
a limited party, who will inspect the Linwood 
Factory at Paisley of the Pressed Steel Company, 
Ltd., in the morning, and the Cambuslang works 
at Clydebridge of Colvilles, Ltd., in the afternoon. 
The presentation and discussion of technical papers 
will occupy the mornings of the two succeeding 
days. Papers to be presented are: ‘The Con- 
struction of a High-Speed Wind Tunnel,” by Mr. 
J. H. Bell; ‘“‘ Some Changes in the Shipyard, with 
Particular Reference to Oil Tanker Construction,” 
by Mr. J. Rannie, M.LE.S., M.I.N.A.; * Welding 
in Hydro- Electric Plant,” by Mr. J. Crawford ; 
** Light-Weight Welded Construction i in Mechanical 
ig aoe f Structures,” by Mr. F. Koenigsberger, 
M.I.Mech.E. In the afternoon of April 25th there 
will be a choice of works visits to Sir William Arrol 
and Co., Ltd., Dalmarnock Iron Works; John 
Brown and Co., Ltd., Clydebank, and Harland and 
Wolff, Ltd., Ordnance Works. Social engagements 
include a whole-day excursion for ladies on April 
25th and a dinner that evening, at which the Lord 
Provost will be represented. 
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WELDING OF SHIPS 


Tue first all-welded ship to be con- 
structed in the British Isles was the M.V. 
“ Fullagar,” which was built by Cammell 
Laird and Co., Ltd., and launched in 1920. 
The ship suffered severe damage on more than 
one occasion, but there was no structural 
failure. It thus demonstrated the soundness 
of the welding and of the technique employed. 
But the success of the “ Fullagar,” failed to 
set at rest doubts expressed in one 
quarter or another about the reliability 
of welding as a method of making connection 
between the parts of a structure. Neverthe- 
less, electric welding continued to progress, 
in spite of the opposition of a diminishing 
number who pinned their faith to riveting, 
until to-day ships are mostly welded to some 
extent and many are all-welded. Shipyards 
in this country are, in fact, being steadily 
reorganised and re-equipped to meet the 
demands of the new technique in shipbuild- 
ing, including prefabrication, and this fact 
indicates the confidence now placed in welding 
by both builders and shipowners. 

The imperative need for the rapid building 
of tonnage during the war was met, it will 
be remembered, only by the adoption of 
welding. That method of construction, 
somewhat hastily adopted without a full 
investigation of the problems involved, 
enabled the U.S.A. to carry out a very large 
emergency shipbuilding programme. But 
it could hardly be expected that a sudden and 
wholesale use of welding in shipbuilding could 
be adopted without an experience of teething 
troubles. When they came those troubles 
proved serious. Several ships broke in half 
at sea. One, the all-welded tanker 
“ Schenectady,” for no immediately apparent 
reason, actually broke in two when lying 
quietly at her builders’ outfitting quay. That 
disquieting happening made it very obvious 
that there were certain “ unknowns ” which 
required investigation before welding could be 
accepted as a reliable method of building 
ships. In fact, the number of ships involved 
in such accidents was small in relation to the 
total built, but the significance of the 
failures was quickly realised and an Admiralty 


Ship-Welding Committee, upon which Lloyd’s 
Register was represented, was set up to carry 
out research. That body’s investigation, it 
will be recalled, disclosed faults in design. 
In particular, it emphasised the need to 
avoid any quick change in section. Other 
points noted were a greater tendency to 
cracking at low temperatures, and the fact 
that there was little deformation at the 
fracture. Very few of the fractures followed 
the welds and examination of the steel in 
the vicinity indicated the existence of a 
property known as “notch” brittleness— 
that is, the possibility of brittle fracture 
occurring if a notch was present and the 
temperature sufficiently low. We now know 
that the usual physical tests do not’ reveal 
this notch brittle condition, and, indeed, it 
hardly ever occurs in ship quality mild steel 
of British manufacture. But, notwithstand- 
ing the failures that had occurred, the 
investigations showed that welding as a 
method of jointing was entirely sound, and 
that provided the design and workmanship 
were good and the steel of the correct quality, 
welded ships were reliable. 

Just recently two further American war- 
built tankers have broken in two and other 
welded vessels have sustained serious hull 
damage in heavy weather. Naturally, these 
structural failures of welded ships have once 
more caused questions to be asked about the 
reliability of welding in general, and about the 
suitability of welding for shipbuilding in par- 
ticular. To set such doubts at rest, Lloyd’s 
Register of Shipping issued on Wednesday last 
a statement entitled “ Welded Ships.” In 
this statement, it is observed that the ships 
involved in the recent failures formed part 
of the wartime-built fleet, and that the 
fractures were no doubt similar to those 
which occurred in 1943 and which were the 
cause of the formation of the Admiralty 
Welding Committee. Since the war, many 
ships, primarily of welded construction, have 
been built under the survey of Lloyd’s 
Register, and they are giving satisfactory 
service. They incorporate the results of 
experience and research, so that notch effect is 
eliminated and discontinuities in stress distri- 
bution are avoided. The standard of welding 
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and the control of workmanship is maintained 
by regulation right through the fabricatio, 
stages to final assembly, and to avoid the 
possibility of brittle failure—the phenom enon 
which was observed in the material invilveq 
in the 1943 breakages—the rules for the 
testing of steel are framed so that notch 
brittle material cannot be used. Other con. 
siderations contributory to longitudinal 
strength, referred to in the statement, are 
the adoption of longitudinal framiny at 
strength deck and bottom in cargo ships and 
the importance of the careful distribution 
of cargo and ballast in reducing longitudinal 
stresses. Lloyd's Register states thai no 
major failures of welded ships built since 
1945 have been recorded. 


MAINTENANCE 


From time to time attention is aroused by 
some mishap which, resulting, perhaps, in 
loss of life, reveals the need for that unceasing 
vigilance without which nothing can be said 


‘to be safe—however carefully it has been 


designed to be safe. During the last few 
months particulars have been published, 
amongst others, of three such mishaps, all of 
which force home the truth of that assertion. 
These mishaps were in connection, re- 
spectively, with a railway derailment, the 
collapse of a bridge, and the falling of a skip 
down a mine shaft. In the case of the derail. 
ment there was evidence suggesting that a 
contributory cause may have been the con- 
dition of the transverse bolts in a scissors 
crossover. One bolt was found to be missing 
and two bolts had fatigue cracks, discoveries 
which impelled the investigating officers to 
recommend the examination of crossing 
bolts in service. The collapse of the bridge 
(according to evidence given at the inquest) 
was due to the badly corroded condition of 
the steelwork, one witness expressing the 
opinion that there had been no inspection of 
the bottom of the bridge for the last twenty- 
five years. The electric winder failure 
appears to have been due, among other 
things, to the falling out of an overhung pin 
in the brake governor gear. To none of the 
occurrences mentioned can the word “ acci- 
dent ” be applied in that one of its several 
dictionary meanings defined as “ that which 
is present by chance.” Excepting only when 
caused by “ Acts of God,” such mishaps as 
those we refer to could have been avoided by 
the exercise of vigilance. 

It is a fact of experience that valuable 
and, indeed, essential as are all practical 
safety devices, there can never be any such 
device as will render superfluous the need for 
that systematic inspection comprehended in 
the word “ maintenance.” A wise engineer 
has remarked that while safety is largely a 
matter of things and materials, security is 
largely a matter of personnel. So far as 
safety is concerned, it is always prudent to 
have regard to conventional practices, which 
are almost invariably bottomed in experi- 
ence. Those who choose to depart from such 
practices without careful investigation are 
courting disaster. We need not necessarily 
use a method mentioned by the late Field 
Marshall Lord Wavell, who, in one of his 
Lees Knowles Lectures, described a test to 
which, in the old days, the Artillery Com- 
mittee subjected any new design of mountain 
gun: they had it taken to the top of a tower 
some hundred feet high, and thence dropped 
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to the ground below. If it was still 
apable of functioning it was given further 
rial; if not, it was rejected as flimsy. The 
committee reasoned that mules and mountain 
might easily fall down the hillside and 
must be capable of surviving so trivial a 
misadventure. ‘‘ Safety first” is a slogan 
enjoying unchallenged priority, and we are 
under an incalculable debt to all those who, 
since the beginning of time, have sought to 
render things safe. If there is one individual 
engineer Who should be canonised (were 
gnonisation extended to such benefactors), 
itis Denis Papin for his safety valve. We 
yould, indeed, regard him who first hit upon 
the idea of @ split pin as qualifying at least 
for beatification. We must, however, if we 
want security as well as safety, give attention 
even to split pins, locknuts, castellated nuts, 
gnd all manner of security devices. The 
designer can help here by endeavouring to 
render such details accessible. One often 
yes castellated nuts in positions which render 
it very difficult or even impossible for the 
fitter to insert and open the split pin. Hence 
arises the tendency to leave out the pin or 
dack back the nut so that it can be inserted. 
One of the major security problems of the 
day arises from the lack of experienced 
maintenance men. Such men are not 
sientists ; they are rather artists, since a 
sience is something we learn intellectually, 
whereas an art is something we learn by 
doing. The workman who is trained for a 
routine job—such as machine minding—will 
be able to produce a satisfactory bolt, but he 
may not know just how to tighten the nut. 
That is where men of the old school brought 
up through an arduous apprenticeship differ 
0 profoundly from those men who, lacking 
the training and the atmosphere normal in 
works where machinery was built rather than 
mass-produced, are without the initiative and 
know-how of the trained fitter. Initiative 
does not blossom on the concrete of routine, 
and it is certainly true of any craft that the 
years teach much which the days never 
knew. It takes years to make an efficient 
maintenance man, and nothing is more 
absurd than to suppose that fitters can be 
made by reading books or attending lectures. 
Fitters are made by years of experience plus 
an innate flair for the job. And so it is that 
some of these so-called “ accidents ” reveal 
to us the fallibility of safety devices and the 
constant need for personnel alive to the vital 
importance of efficient maintenance and 
capable of providing it. Only by persistent 
and expert scrutiny can we avoid the curse 
%0 well expressed by Kipling in that place 
where he declares : 


“We only of Creation, 
(Ah luckier bridge and rail !) 
Abide the twin-damnation 
To fail and know we fail.’’ 





CarHopic ProrrctTion.—The British Iron and 
| Research Association has prepared a standard 
form for describing cathodic protection installations 
to safeguard underground pipe installations against 
corrosion. It is available from Mr. E. E. White, 
BLS.R.A., 140, Battersea Park Road, London, 
8.W.11, and when completed it should be returned 
to the Chemical Research Laboratory of the 
DS8.1.R., Teddington. The annual cost of corrosion 
of underground pipes is estimated at £50,000,000, 
and cathodic protection promises to reduce. these 
costs, but to be effective the method requires the 


-correlation of ajl information on the subject and the 


orm is to obtain this. 
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| Obituary 
SIR FRANK GARRETT, K.C.B. 


We record with deep regret the death of 
Colonel Sir Frank Garrett, which occurred on 
Wednesday, March 19th, at Gar House, 
Leiston, Suffolk. Sir Frank, who was 
eighty-two, was actively associated for over 
forty years with his family’s engineering 
business, Richard Garrett and Sons, Ltd., of 
Leiston. 

Sir Frank was born at Carlton, Suffolk, on 
December 9, 1869. He was educated at 
Rugby, and on leaving school in 1888 went 
to Halberstadt, Saxony, where for a year or 
so he was employed in the Dehne engineering 
works and foundries. On his return to this 
country, Sir Frank joined the family business 
at Leiston, of which his father was then the 
head, and from then on assisted in the 
management of the works. The firm held a 
distinctive place in the production of portable 
and stationary steam engines, steam traction 
engines, threshers and other agricultural 
machinery, its establishment in Leiston 
dating back to 1778, when a Richard Garrett 
set up in business as a “ sickle and edge-tool 
maker and blade-smith.” Portable steam 
engines burning 114 lb and 7} lb of coal per 
horsepower-hour were exhibited by the firm 
at the Royal Shows of 1849 and 1850. The 
business was converted into a private limited 
company in 1897, and Sir Frank subsequently 
became managing director. Under his 
guidance the Leiston works were extended 
and the variety of its products increased. 
On the outbreak of the first world war Sir 
Frank immediately volunteered for overseas 
service with the 4th Battalion, Suffolk 
Regiment, of which he was Colonel. He had 
to be invalided home early in 1915, but 
immediately took over the management of 
the Leiston works, then engaged in munitions 
production. When his father died in 1918, 
Sir Frank succeeded to the chairmanship of 
his company, which was soon afterwards 
merged in Agricultural and General Engi- 
neers, Ltd. For some years thereafter 
Richard Garrett and Sons, Ltd., continued 
to produce steam engines and tractors, the 
last being the undertype rigid six-wheel 
steam wagon, which was introduced in 1926. 
But steam traction for agriculture and road 
transport was becoming superseded by 
internal combustion engined tractors and 
vehicles, and although the Leiston works 
turned over to the manufacture of food pre- 
paration machinery and continued to build 
threshers and other items of agricultural 
machinery, the slump which this country 
then experienced led to the end of Agri- 
cultural and General Engineers, Ltd., and of 
the old-established firm of Richard Garrett 
and Sons, Ltd. Happily, however, the name 
has been continued, for in 1932 the Leiston 
works were taken over by Beyer, Peacock 
and Co., Ltd., under the style of the Richard 
Garrett Engineering Works, Ltd. It should 
be added that some of the products, initiated 
when Sir Frank controlled the business, are 
still being manufactured at Leiston. 

With the change-over, Sir Frank relin- 
quished active participation in the affairs of 
the business to which he had contributed so 
much. Since 1932 he had devoted himself 
unsparingly to public service, particularly 
in his native town and county. He had been 
a Deputy Lieutenant of Suffolk, a Justice of 
the Peace, a member of the East Suffolk 
County Council, and was, for twenty-eight 
years chairman of the Leiston Urban District 
Council, on which he served for thirty-six 
years. Sir Frank was also a governor ‘of 
Framlingham College and a past chairman 
of the Suffolk Territorial Army Association. 
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He was an associate member of the Insti- 
tution of Civil Engineers and of the Insti- 
tution of Mechanical Engineers and a past- 
president of the Agricultural Engineers’ 
Association. The honour of C.B.E. was con- 
ferred upon Sir Frank during the first world 
war, and his public services were recognised 
in 1938, when he was created C.B. He 
received his knighthood in the New Year 
Honours of 1946. 


SIR JAMES CALLANDER 


As we go to press, we learn with regret 
of the death of Sir James Callander, which 
occurred at Newby’ Bridge, Lancashire, on 
March 23rd. Sir James, who was seventy- 
five, was formerly a director and deputy- 
chairman of Vickers-Armstrongs, Ltd., the 
predecessor of which he joined in 1900. 





Letters to the Editor 
(We do nat hold ourselves responsible for the opinions of 
our correspondents) 


ASSESSMENT OF LOCOMOTIVE 
PERFORMANCE 


Sm,—Since Mr. Nock has returned to the 
charge, perhaps I may offer some additional 
remarks on the performances under discussion. 

One journey, as stated, was made on June 
30th, and the other on’August 3, 1937. It is, 
therefore, probable that weather conditions were 
favourable, and that little work against windage 
was required. ‘‘ Dominion of Canada,” passing 
Stoke box at 69 m.p.h., attained a maximum of 
1093 m.p.h. at the same place as “‘Common- 
wealth of Australia,”’ after passing Stoke at 644 
m.p.h., reached her peak of 106 m.p.h.; therefore 
the increments in speed were respectively 40} 
and 414 m.p.h. It may thus be concluded, 
without hair-splitting, that the work done was 
approximately the same in both cases. 

It is informative to bring the previous effort 
of “Silver Fox” into the comparison. On 
August 27, 1936, hauling the “ Silver Jubilee ”’ 
brake and the dynamometer car—a load of 
270 tons gross—she passed Stoke at 684 m.p.h., 
and had reached 109 m.p.h. at the site of the 
maxima already quoted. The increment in 
speed was again 40} m.p.h. The dynamometer 
car is a poor vehicle aerodynamically, and no 
doubt its presence behind the tender added 
materially to the normal air resistance. 

Now it has been stated that ‘‘ Canada” and 
“* Australia ” required respectively 35 and 15 per 
cent cut-off and full regulator to do the same 
work, while “Silver Fox” needed 35 per cent 
to do less work. Why was this ? 

First, the official observer on ‘“‘ Dominion 
of Canada’s” footplate probably never intended 
to convey that 35 per cent was used during the 
whole of the descent. If it had been, indeed, 
experience suggests that there would have been 
trouble with heating, whereas ‘‘ Dominion of 
Canada ”’ never faltered on the fast continuation 
to King’s Cross, which was reached slightly 
early, apparently with all bearings cool. 

The speed curve showed a tendency to flatten 
out at 100 m.p.h. less than halfway down the 
1 in 200. This tendency suggests that the 
descent was begun on a shortish cut-off, and 
that about 101 m.p.h. was the speed ceiling in 
these conditions of working. When it became 
apparent that all was not going according to 
plan, the engine was probably energetically 
opened out to 35 per cent, and the speed there- 
upon rose to 109} m.p.h. on the ensuing level. 

Such a hypothesis obtains some support from 
the actual handling of “Silver Fox” in the 
previous year. On passing Stoke, the driver 
linked up to 15 per cent for an official attempt 
on the speed record. It was afterwards apparent 
from the dynamometer car records, however, 
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that boiler pressure at the crucial time was only 
220 lb per square inch, In these circumstances, 
the speed ceiling on the 1 in 200 was 107} m.p.h. 
An increase in cut-off then raised speed to 
109 m.p.h. at the site of the other peaks, and 
it was further gradually increased to a maximum 
of 35 per cent, in a race against time. On the 
easier grades, the record of 113 m.p.h. was 
achieved half way between Essendine and 
Tallington. 

Thus, in normal steaming conditions, the 
speed ceilings of “Dominion of Canada,” 
“Commonwealth of Australia’’ and “ Silver 
Fox” appear to have been 101, 106 and: 1074 
m.p.h. 

Secondly, the comparatively poor effort of 
“* Silver Fox ” was due to a deficiency in pres- 
sure, and it is possible that the same factor 
influenced the performance of “‘ Dominion of 
Canada.” Moreover, the latter afterwards 
gained a reputation as a black sheep. It is 
accordingly suggested that her weakness in 
performance was due to imperfections in detail 
design, low boiler pressure, or both. 

J. D. MunNIoN 

Chelmsford, March 8th. 





TREVITHICK’S FIRST RAILWAY 
LOCOMOTIVE 


Sm,—Mr. Loughnan Pendred’s observations 
on my article on Trevithick’s Coalbrookdale 
locomotive, of 1802-3, appearing in your issue 
of March 7th, seem to call for some amplifica- 
tion of certain points. 

Up to 1932 I was inclined to regard the 
Llewellyn drawing as possibly a copy of the 
original, an opinion based mainly on the 
assumption that Menelaus would have carried 
out Llewellyn’s request to return it. Menelaus’ 
letter of January, 1872, showing that he had 
retained the drawing until 1862, entirely 
altered my view, as stated in the article. 

Mr. Pendred doubts whether an engine built 
to this drawing would be workable, basing his 
doubts on the one-sided two-wheel drive, 
which would undoubtedly tend to slew the 
engine round and so increase the friction 
between wheels and rail flanges. This doubt 
should, however, be dispelled by the fact that 
the Penydarran locomotive also had fixed axles, 
as revealed by Trevithick at the time of its 
trials, and presumably the loose wheels, with, 
according to Farey, a drive on two wheels only. 
The extra weight involved by the use of a 
similar drive on all four wheels would be 
against it, as Trevithick was, no doubt, working 
to a weight limit, owing to the weakness of the 
plateway designed to carry wagons weighing 
about 3} tons each. It should also be remem- 
bered that Blenkinsop’s rack locomotives, at 
Leeds and elsewhere, also had a one-sided 
drive, which, no doubt, did produce extra 
friction and wear, but this did not prevent their 
successful use over a period of some twenty 
years. Matthew Murray himself strongly dis- 
approved of the side-rack arrangement, and 
would have preferred a central rack. An 
advantage of the side rack lay in the fact that 
horses could be used whén the engines were out 
of action. 

Although it may be supposed that the 
Penydarran and Coalbrookdale engines were 
somewhat similar in their general form, if not 
in size or constructive detail, it would seem 
unlikely that the Coalbrookdale drawing, 
dated December, 1803, could have served for 
the Penydarran engine, which was commenced 
by October Ist of that year. Trevithick’s own 
statements are a little inconsistent, as, in 
October, 1803, he gave the Penydarran engine 
cylinder as 8}in, whereas, in February, 1804, it 
was 8}in diameter by 4}ft stroke. Farey and 
others made the diameter 8in. 

The wheel teeth on the Llewellyn drawing 
were originally thought to be somewhat coarse, 


THE ENGINEER 


largely on account of the much smaller teeth 
on the Newcastle engine. More recent ex- 
amination of contemporary mill work shows, 
however, that such large teeth were not 
unusual, and some very similar can be seen on 
the sugar cane mill in Trevithick’s patent of 
1802. I cannot believe that the driving wheels 
would have been made of wrought iron at that 
date, but the twenty spokes in them rather 
indicate that they were cast, as ordinary cast 
iron wagon wheels of the period are usually 
depicted with eight spokes or even six. The 
toothed rings on the wheels appear to be cast 
separately and bolted to the driving wheels. 
The teeth themselves are lin wide. 

Trevithick’s letter of October 1, 1803, in 
which he expressed his intention to make the 
piston-rod velocity the same as the engine 
travelling speed, cannot bear any other meaning 
than that stated by Mr. Pendred, but I am 
unable to follow his deduction therefrom. As 
the piston stroke was 4}ft, the distance covered 
by the piston in one revolution of the crank- 
shaft would be 9ft, and that distance must 
therefore be the circumference of the driving 
wheels, if the crankshaft and wheels revolved 
at the same rate, as they do in the Llewellyn 
drawing, i.e., the driving wheels must be 
34-4in diameter, Trevithick, in his letter to 
Giddy on February 20, 1804, said that the 
Penydarran engine, when on trial, did actually 
move 9ft at every stroke. This statement is 
really a repetition of the earlier one and is a 
confirmation of a point I made many years 
ago to the effect that Trevithick, and others, 
when they used the word “ strokes ”’ in calcu- 
lating engine duty, really meant “ double 
strokes,”’ or revolutions of the shaft to which 
the piston was attached. This can be easily 
proved by recalculating the engine duty, where 
the necessary data is given. Ignoring this 
fact leads to difficulties, such as driving wheels 
68-8in diameter, which could hardly be possible 
when we consider that the engine had to be 
capable of working on a tramroad having an 
average gradient of 1 in 145, while, near the 
works, there was an incline of 1 in 18, up which 
the engine hauled the empty wagons. 

The date of W. A. Reynolds’s reminiscences, 
published by Randall, would appear to be 
between 1872 and 1880, as he was able to refer 
to Trevithick’s letter of August, 1802, relating 
to the Coalbrookdale engine. His comments 
on Trevithick’s models must, I think, have been 
coloured by reading Francis Trevithick’s ‘‘ Life” 
of his father, which came out in 1872, and he 
probably only meant that modern locomotives, 
in general, embodied features first introduced 
by Trevithick. There is no reason to doubt his 
recollections of the engine itself, as Randall also 
said that this nephew of William Reynolds was 
in charge of the Madeley Wood Works. He 
might, therefore, be expected to know about 
any relics of the engine there, while the Lloyds 
Crawston pit was probably at the place called 
“the Lloyds,” next door tc Madeley Wood. 

There would be no difficulty in making use 
of the boiler as a water tank, after removal of 
the flues and cylinder, as the tubes could be 
separated from the back end and withdrawn 
by unbolting the front end of the boiler. 
Replacing the smokebox would form a closed 
base if the boiler shell were placed on end. 

Trevithick’s early knowledge of the effective- 
ness of the adhesion between plain wheels and 
the track is evidenced by the statement in his 
patent of 1802, where he said, after describing 
various means of increasing the hold of the 
wheels on the ground: ‘In general the 
ordinary structure or figure of the external 
surface of these wheels will be found to answer 
the purpose.” It was only when attempts 
were made to use adhesion locomotives, whose 
weight was limited by the strength of the rails 
on adverse gradients, that difficulties arose, 
which led to the invention of more positive 
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devices to enable light engines to hau! paying 
loads. These conditions disappeared when the 
rails were strengthened to permit tho use of 


‘heavier locomotives. It was perhaps fortungi, 


for the locomotive pioneers that most of thy 
colliery lines on which they were tried ran down. 
hill with their loads and only the empty wagons 
had to be hauled uphill. 
E. A. Forwarp 
Coulsdon, March 18th. 





RAILWAY ELECTRIFICATION 


Sir,—Your articles on the Manchester. 
Sheffield—Wath electrification have said nothing 
about the cost of the operation. 

On page 638 of Tur Enoieer for June 9 
1922, ite was stated that according to « Swig 
estimate the change from steam traction 
electric traction on the St. Gothard railway 
had cost a million francs per kilometre, which, 
at the old rate of exchange when England haq 
a stable currency, was equivalent to abou; 
£60,000 per mile, and I remember reading ¢ 
confirmation of this estimate in a later issue of 
THE ENGINEER, to which I unfortunately diq 
not keep the reference. 

In Switzerland, the fact that unlimited wate 
power was available made electrification speci. 
ally attractive; but England is without wate 
power. 

It is never possible to foresee how trafic 
will develop in the future, and the history of 
such lines as the Watchet and Brendon Hills, 
or the Darlington, Kirkby Stephen, and Cocker. 
mouth, shows the great changes which may take 
place in a short time. If a railway ceases to be 
profitable a steam or diesel locomotive can be 
sent to earn a living elsewhere, but money 
once sunk in electrification can never be recalled. 

Competition by road and by air is already 
firmly established, and if we may believe the 
scientific journals there is a chance that before 
long the gas turbine or some form of atomic 
energy may render existing systems of traction 
obsolete. 

Was, then, this electrification really worth 
while ? 

W. B. THomPsox 
_ London, 8.W.1, 
March 19th. 





EPICYCLIC GEARS 


Sm,—In the abstract of our paper on 

“‘ Epicyclic Gears,” which appeared in your 
issue of March 14th, we feel that a paragraph on 
page 374 may be a little misleading. In this 
it is stated that two gears of Stoeckicht design 
are running on turbo-alternators. We should 
like to point out that, although only two such 
gears were illustrated in our paper, there are 
in fact a number of similar gears running. 
In 1950-51, forty-nine gears of this type, 
totalling 130,000 h.p., were ordered in Germany. 
H. Norman G. ALLEN 

T. P. Jonrs 








Bedford, March 21st. 












Books of Reference 


Garckés Manual of Electricity Supply and Direc- 
tory of Officials, 1950-51. London: Electrical Press, 
Ltd., 23, Great Queen Street, W.C.2. Price £3 10s.— 
As in previous years, the principal contents 
of this valuable reference book consist of financial, 
commercial, technical and general information, 
relating to the electricity boards and other suppliers 
of electricity in this country, and the companies 
engaged in the manufacture of plant for the industry. 
In the new volume, the section on the British elec- 
trical and allied manufacturing companies, giving 
particulars of their products, finances, officials, &c., 
has been re-introduced. Other introductions include 
an extract of the BEAMA report and a table on 
electricity supplies in countries abroad in the general 
survey of electricity supply. To facilitate reference 
to the operating districts in the sub-preas of the ares 
nants ba Hii aeninieg,, Sear eenecee neu eereny 
in a single section in alphabetical order. 
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Literature 


Industrial Administration and Manage- 
ment. By F. L. Meyunsere, M.I.Mech.E. 
London: Sir Isaac Pitman and Sons, Ltd. 
Parker Street, Kingsway, W.C.2. Price 35s. 

{xe primary object of this book is to cover 

the ground with which the student must be 

acquainted if he is to hope to be successful 
in the examinations now set by our leading 
engineering institutions. But it also meets 
another need, that of giving those already 
in industry a general insight into modern 
industrial administration and management, 
without probing too far into any particular 
phase of an all-embracing subject, indeed, 
the author plainly states that “no one 
book can possibly be more than an intro- 
duction to a subject which nowadays touches 
every activity i in which man e Mg 

By naming the different parts into which 


the work is divided an idea will be obtained 


of the wide range covered ; Part I discusses 
sales promotion, while Part II deals with 
the important matter of design, and in Part 
III we are introduced to the subject of pro- 
duction planning and control. Part IV, 
the longest of all the sections, is engaged 
with problems connected with the execution 
of works orders, and, finally, in Part V, 
under the title of economic control, considera- 
tion is given to accountancy in its various 
aspects, including in addition to the financial 
accounts, work accounts and job accounts, 
and the important and increasingly applic. 
able method of standard costs. Each part 
is divided into a numberof chapters, of 
which there are thirty-two in all. 

When we read that the object of the 
book “was to make students think and 
criticise rather than copy. blindly,”’ we are 
not surprised to find that Mr. Meyenberg 
has an open mind on questions where per- 
haps we should have looked for a definite 
opinion, and yet in some of those few cases 
in which he is dogmatic we find ourselves 
inclined to join issue with him. For example, 
the query is raised as to whether more than 
one working time can be correct for a given 
job and we are given a very unequivocal 

‘no.” But surely the time allowed to a 
skilled workman on the best machine tool 
in the plant will not be the same as that for 
an apprentice on the same job but on a 
machine of a more general character. Each 
time allowance would be “ correct.’’ On the 
other hand, we heartily agree when he asserts 
the necessity for the absolute aa 
of inspection from production proper ; 
often it is put under the control of the gh 
manager. Again, he stresses the importance 
of having an up-to-date and well-equipped 
maintenance department, a branch that is 
often compelled to be content with left-off 
tools from the production side. We would 
even go further and suggest that the main- 
tenance department should organise a sys- 
tem of periodic overhaul of machine tools 
and plant, on the principle that ‘a stitch 
in time saves nine”! Very properly the 
author insists on the vital necessity for har 
mony between design and production and, 
again, we would go further and advocate 
the desirability of having @ rule as rigid as 
the laws of the Medes and Persians that the 
production manager should endorse the 
design as suitable for manufacture before 
its issue to the works. 

Still bearing in mind that no work of the 
character of that before us can expect to be 
complete, we cannot refrain from commenting 
on a few of the omissions which seem almost 
essential to the subject. A chart of the 





“ family-tree ” variety is most valuable as 
it shows the relation between the different 
departments and the sr covered by each 
branch. Perhaps one the worst faults 
in an otherwise good organisation under 
modern conditions is the overlapping of 
duties, often placing a foreman and even 
the man at his tools, in a very invidious 
position. That the author is alive to these 
dangers is clearly seen, but a typical diagram 
would prove to be a very definite help. 
It is sometimes found that an estimating 
department is placed under the cost account- 
ant. One lays down what is expected and 
the other what has actually obtained— 
so the latter is a useful check on the former, 
but logically it would be a bad arrangement 
if both were under the same chief: there 
would be a tendency or at least temptation 
to cover up the shortcomings of the estimate. 
While it is fully agreed that a technical 
estimator should be responsible for seeing 
a whole estimate through, it would be well 
to show his relations with the ratefixer 
from whom he must obtain the anticipated 
wages, and also his relation with the cost 
accountant, who can be of great assistance 
in assessing the most suitable factory expense 
to be applied, taking all factors into con- 
sideration. Mr. Meyenberg speaks some- 
what scathingly of the many attempts to 
find the best scheme of payment by results, 
apart from straight piecework, whereas a 
brief outline of the best-known systems 
would have been helpful and suggestive to 
the student. Again, as the machine-hour 
rate of recovering oncost is increasing in 
favour in many engineering factories, an 
outline would seem to be desirable, even 
if the informative and valuable chapter on 
standard costs had to be somewhat curtailed 
in consequence. The foregoing remarks are 
not intended in any way to detract from the 
value of a well thought out and valuable 
ition of an important subject. 

e author avers that “in organisation 
there are no fixed rules,” but it might be 
nearer the truth to substitute the words 
“there should be’ for “there are,” and 
he further claims that “the best training 
for management is to manage ”—we sen 
but before beginning such a “ training ” 
young engineering manager should ady 
have taken steps to avant a good know- 
ledge of the basic principles involved or he 
may not hold his post for very lo This 
is just where the book before us | prove 
most 


British Trains: Past and Present. By 
O. 8. Noox. London: B. T. Bateford, 
Ltd., 15, North Audley Street, Wii, 
Price 16a. 

Tue “Train” may be regarded in two 

lights. Either it is a personal, concrete 

thing having a known length and breadth 
and height, composed of so many vehicles, 
carried on so many wheels, weighing so many 
tons; or it is the purely imi train, the 

the Bradshavian train, the “10 a.m. 

Scot,” or the “Blue,” or the “ Riviera 

Express,” or the 10.15 from Surbiton. It 

is with the latter kind that Mr. Nock is 

concerned, and only with the kind that 
carries people. In his pleasant conversa- 
tional way he pr pc the reader through 
the development of mger vehicles .from 
the ilway transport right up 
to grt conc but throughout one feels 
that to him it is the locomotive rather than 
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the load behind the tender that matters. 
There are no less than 105 illustrations in 
these 100 odd pages, and most of them by 
far are portraits of famous or well-known 
engines. 

Two chapters in the middle of the volume 
are devoted to “The Age of Railway Pre- 
eminence,’ and to the ‘ Locomotives of 
the Pre-eminent Age.” The era concerned 
is that beginning in 1850, soon after the 
crisis induced by the Railway Mania and 
ending somewhere fairly early in the present 
century. Writing of the 70s, Mr. Nock 
says: “ The extraordinary thing about most 
of these old railway sinners was that they 
were not content merely to have one weak— 
very weak—spot. It was not enough that 
many of their engines were little better than 
bundles of scrap iron, or that the coaches 
were falling to bits; they must 
the most ingeniously complicated track 
lay-outs, conceived by some superman who 
in all probability whiled away his spare time 
writing a book,‘ One Hundred and One Ways 
of Delaying a Train.” With such an 
energetic text one can imagine that Mr. Nock 
finds plenty of material to make an enter- 
taining and instructive chapter. But it is 
when he comes to deal with the development 
of the locomotive that he is at his happiest. 
Here, indeed, is an admirable chapter in 
which the reader is shown the events and 
causes—how, for example, the trials of the 
French compound in this country led to the 
multiple-cylinder h.p. design, or why the 
G.W.R. tapers its boilers—that brought 
about the progress of the steam locomotive 
between 1870 and 1914. 

In later chapters Mr. Nock discusses the 
development of other types of engines, but 
to the last one can see that he is true to his 
love and respect for the conventional steam 
locomotive. 

This is a book for the general reader as 
much as the railway enthusiast. 





SHORT NOTICES 


The U.S. Market: Principal Features and 
Basic Statistics. O. W. Roskill and Co. rts), 
Ltd., 14, Great College Street, London, §.W.1. 
£2°2s..—The purpose of this mimeographed 
and bulky report is to present the basic features 
of the U.S. market, ldrgely in statistical form. 
The report is divided into three The 
first covers general characteristics of the market, 
mens eee ne ee 

areas; the second considers nine specific 
groups of goods, including pottery, woollen 
clothing and textile machinery, motor vehicles, 
cycles and motor-cycles; and the third gives 
recommendations about selling in the U.S. 
market. The report is intended primarily for 
firms which have not hitherto sold to the U.S. 





Electrolytic Polishing and Bright Plating of 
Metals. By 8. Wernick. Second edition. London: 
Alvin Redman, Ltd., 4, Fitzroy Street W.1. 
Price 30s.—This book, first published about 
four years ago, deals with methods (then 
pnrctie fl new to industry) of reducing or 

mechanical po! by the use of 
electrolytic processes. The author’s intention 
has been to enunciate the principles of electro- 
lytic polishing and bright plating of metals, 
and to give useful working details of processes 
which can be recommended. Skilled guidance 
of this kind is essential if success is to be 
achieved, as satisfactory results can only be 
obtained under carefully controlled conditions. 
The fact that a second edition has been called 
for is evidence that this survey of a subject 
of in ing importance has met the needs 


of this branch of industry. A very useful 
part of the book is an annotated biblio- 
graphy of over 500 items, which forms a useful 
digest of the voluminous literature of the 
subject. 
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An Extrusion Plant 


A highly mechanised extrusion plant, recently installed in the works of the Aston 
Chain and Hook Company, Lid., is designed for high-speed production and operation 
through grouped remote control gear. This plant incorporates a billet handling unit, 
a continuous furnace, an extrusion press, and a coiling unit with all the ancillary 
plant. It will handle, at a conservative estimate, up to twenty-five 8in diameter, 27in 
long billets, or thirty-six Tin diameter, 27in long billets, or sixty 6in diameter, 10in 
long billets an hour. 


/ VERY high percentage of the production final rapidly-driven section of rollers. The 
4A of the works of the Aston Chain and Hook final fast section of driven rollers carries the 
Company, Ltd., at Erdington, Birmingham, leading billet away from the line. When this 
consists of extruded tubes, bars and sections in billet reaches a lifting cradle in the furnace 
copper and brass alloys, and a recent addition loading unit it operates a cut-out trip switch to 
to the firm’s extrusion plant is designed to give stop the feed line rollers. 
an appreciable increase in output. The new ~~ The pneumatic control equipment for the 
plant is laid down to form a self-contained billet heating plant, which was supplied by 
production unit incorporating a billet handling Benton and Stone, Ltd., of Birmingham, 
and heating unit, a horizontal extrusion press, controls from one station the billet feed and the 
and a coiling unit, together with air-hydraulic furnace door opening and closing, &c. In- 
accumulators, compressors, &c. In each stage coming billets are deposited on one of three 
the controls are grouped and completely inter- cradles below the furnace feed rams, 
locked to permit rapid and smooth working which are also illustrated on ‘page 445. At 
without danger of overlapping of operations. the control station three selector valves in 
Comprehensive mechanisation has reduced front of the operator are clearly marked with 
need for manual effort to a minimum and, the billet size and a coloured knob indicates the 
despite the high rate of working, very few billet position at the furnace front. When one 
operators are employed. An impression of the of the selectors is operated the billet concerned 
neat lay-out of the plant can be obtained from __is raised in its cradle by a pneumatic cylinder. 
the photographs we reproduce. At the end of this lifting movement a trip valve 
Material in bar form is supplied to a cutting- is operated to set the main pusher ram into 
; off section at the rear of the plant and the billets motion and this ram pushes the whole row of 
{ cut here are stored at the foot of a conveyor billets through the furnace, so that the fresh 
system built by the British Wedge Wire Com- billet is introduced and a heated billet is made 
pany, Ltd., of Warrington. This conveyor, ready for removal at the far end of the furnace. 
shown in one of the illustrations on page 445, A second relay valve is opened by the pusher 
is operated by a pneumatic control system and ram at the end of its stroke and through this 
is designed to handle both hot and cold billets valve air is supplied to the door opening gear 
from 6in diameter by 10in long, weighing 90 lb at the outgoing end of the furnace. The door 
each, to billets 10in diameter, 30in long, automatically opens and a withdrawal plate 
weighing 7cwt. An overhead runway feeds comes into operation to draw the billet clear of 
the billets from the cut-off on to three lines of the main line. A relay valve operated at the 
vee roller tracks leading to the furnace loader. end of this movement actuates a push-off ram 
In these tracks a group. of idle rollers is situated beneath a carriage which operates 
followed by a slow power-driven section and a across the full width of the furnace. This 
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carriage carries the billet out of the furnags 
side door and drops it into a conveyor leadj 
to the press. The end of the carriage movemen; 
actuates a valve through which the air supply 
resets all the controls ready for the next loading 
operation, 

The billet heating furnace suppliéd by Fug 
Furnaces, Ltd., of Birmingham, has a heati 
chamber hearth 3ft 6in wide and 27ft long 
Along the length of the hearth are three },2ralle) 
vee-shaped grooves fitted with nickel-chrom, 
linings, along which billets are pushed end to 
end. 

The furnace is fired by twelve smal! low. 
pressure oil burners, six along each side, jp 
which the flow of the oil is proportional to that 
of the air. This proportional fuel/air supply 
enables the temperature to be controlled by the 
manipulation of air valves only and also pro. 
vides the safeguard that should the air blowing 
fan stop for any reason the flow of oil ceases, 
The air for combustion is heated in waste 
gas recuperators and the oil temperature jg 
thermostatically controlled at 150 deg. to 
170 deg. Fah. in small tanks equipped with 
electric immersion heaters. The hot products 
of combustion are also used for preheating the 
cold billets on their way into the heating zones 
of the furnace. 

In order to obtain satisfactory automatic 
control of temperature without loss of output 
the furnace is divided into two zones, each 
governed by a large-scale potentiometric con. 
trolling recorder. A third high-speed recorder 
is coupled to a special temperature measuri 
device located at the point where the hot billet 
enters the press. Thus, the temperature of 
each billet is recorded separately and the 
number ‘passed through may be counted from 
the same chart. An extension from this 
instrument energises an indicator on the main 
control desk of the press, so that the operator 
may check the temperature of each billet before 
passing it into the press. 

The furnace is rated to heat 5400 lb of copper 
billets per hour to a temperature of 850 deg. 
Cent. for the expenditure of 11} gallons of fuel 
oil per hour. 

The discharge end of the furnace is built in 
the form of an additional chamber, 3ft 3in 
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long, and having a width of 5ft 3in. The floor 

of this chamber is formed by a heavy cast plate, 

arranged with vee-shaped impressions in line 

with thosé-in the furnace hearth. The plate, 
which forms the withdrawal gear already men- 

tioned, is mounted upon machined nickel- 

chrome rollers carried in cast nickel-chrome 

channels. It is connected by push rods to two. 
air cylinders, by means of which it may be 

either held firmly against the front edge of the 

hearth whilst a billet is pushed on to it, or with- 

drawn 6in clear from the front edge of the 

hearth to separate the billet from those in the 

furnace. ‘ 

The conveyor on to which the billets are 
dischargedisatright angles to the furnace, and it 
ean be seen in one of the illustrations on page 446. 
It consists of a sloping plate and roller track, in 
which the rollers are arranged at right angles 
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prevent corrosion from the effects of, mandrel 
cooling water or leakage. The general arrange- 
ment of piercer, die housing, container housing, 
container housing tool assembly, and bolster 
run-out gear conform to the maker’s standard 
design. The main ram is machined to a high 
polish along its working length and is provided 
with an. integral extension for piercer gear. A 
crosshead which is fitted at the forward end of 
the main ram, in addition to supporting and 
guiding the ram, carries the thrust.rod and 
main drawback rams. 

In the sequence of operations the hot billet 
is picked up in a ram-operated cradle at the 
foot of the furnace discharge conveyor and 
raised to the container level, as shown in one 
of the illustrations. It is then loaded into the 
container by a preliminary forward stroke of 
the thrust rod.on the main ram. The ram is 





BILLET FEEDING CONVEYOR 


to the billets. A twin-chain conveyor above the 
track has cross bars at intervals and the speed 
of the billets down the path is controlled by 
these bars. A spring-loaded gate set diagonally 
across the track automatically adjusts the 
position of a billet to feed it centrally on to a 
9 feed cradle at the bottom of the conveyor 
path. 


Tae Hypravutic Extrusion Press 


The three-column horizontal hydraulic ex- 
trusion press for the plant was designed and 
built by Fielding and Platt, Ltd., of Atlas 
Works, Gloucester, and is suitable for the pro- 
duction of tubes and solid sections. This press 
incorporates an independent piercing gear, a 
hydraulically operated wedge lifting unit, 
a hydraulically operated vertical shear, a 
hydraulic die shifting arrangement, prefilling 
equipment for the main and piercing cylinders, 
and a saw for cutting off extruded sections of a 
contour unsuited to shearing. The main 
dimensions of the press are as follows :— 


Power of main ram 2000 tons 
Stroke of main ram 5ft 6in 
Power of piercer 200 tons 
Stroke of piercer we see 7ft Gin 
Combined drawback power ... 200 tons 
Maximum working pressure... 3500 Ib per square inch 
Length of container ... ... 2ft 6in 
10}in 


Container maximum bore 


Billet size... ... 10in diameter by 2ft 3in 


long maximum 

As can be seen from our illustration the 
machine has two columns at the top and one 
below, a design which facilitates and speeds 
container changing. 

The columns are located in bosses integral 
with the cast steel main cylinder and they are 
retained by split cast steel nuts provided with 
Jocking device. Covers on the bottom column 


then withdrawn and a pressing pad is raised 
into position by a second loading ram arranged 
at the side of the billet loading ram. With the 
billet and pad in position the main ram comes 
into operation to complete the extrusion 
stroke; at the end of this stroke the ram 
travel is halted by a stop block on the face of 
the container or by the action of the press 
operator. ‘ 

The billet is first loaded into the container 
by the preliminary forward stroke of the thrust 
rod attached to the main ram, the ram then 
being withdrawn and the pressing pad brought 
into position by the loading gear. The main 
ram is again brought forward and the pressing 
pad is pushed into the container against the 
billet. The main ram then continues its full 
stroke, travel of the ram being terminated by a 
stop block on the face of the container or by the 
action of the press operator. 

The container used to hold the billet for 


extrusion is fitted with a liner and is main- « 


tained at a suitable temperature by gas heating. 
The die which determines the particular shape 
or section of the metal to be extruded is 
mounted in a die assembly carrier. This carrier 
is retained in position in the die housing by @ 
hydraulically operated wedge, thus sealing the 
die against the container mouth during ex- 
trusion. The wedge is carried on a vertical 
hydraulic ram and is raised on completion of 
extrusion to allow the die assembly carrier to 
be moved out from the die housing to the 
vertical hydraulic shear, or the saw, for removal 
of the discard, &c. 

Movement of the die assembly carrier in or 
out of its sealed position in the die housing 
against the container housing to the run-out 
channel is effected by two opposed-action 
horizontal cylinders and fixed rams mounted on 
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a two-part bedplate secured to the main die 
housing. The stop block which terminates 
travel of the ram is of heavy steel plate located 
in vertical guides on the face of the container. 
This block is raised vertically (in conjunction 
with the wedge) by wire ropes attached to the 
wedge operating ram crosshead to allow the 
discard and thrust pad to be ejected from the 
container. As the extruded metal leaves the 
die it passes into the run-out trough and, if it 
is to be coiled, thence to the coiler. 

After the extrusion is completed the die 
carrier is run out to the shearing position with 
the discard and pressing pad adhering to the 
die face. A hydraulic support is operated to 
clamp the pressing pad so that the one move- 
ment of shear blade serves to shear the extru- 
sion from discard and also separate the discard 
from the pressing pad. The discard drops on 
to a chute. in the shear frame and is delivered 
into a bin‘in a pit near the shear. 

As this shearing operation is completed the 
pressing pad automatically rolls down an 
inclined guide to the rear of the machine and 
passes on to a transfer channel. This channel is 
designed to turn the. pressing pad through 
180 deg. to bring the correct face into its 
relative position for loading in the pad loader 
head. When the pad loader is operated the 
first pad is automatically selected from the 
stock lying in the transfer channel and 





BILLET LIFTING AND CHARGING GEAR 


brought to the centre line of the press ready for 
pushing into the container. 

A pendulum saw suspended from a structure 
between the die housing and the vertical shear 
is fitted and may be used for cutting off discard 
of either solid or tubular extrusions. This saw 
is arranged for mounting in either its normal 
‘working position or, when not required, in a 
second position which will give working clear- 
ance for feeding the coiler. 

Two lever ejectors are arranged, one 
for ejecting the extrusion from the die and one 
for ejecting the die from its holder. These are 
counterbalanced hand-operated units and the 
actual ejection operation is effected by move- 
ment of the die assembly carrier when they have 
been swung into position. 

In order to provide fast approach of the main 
and piercing rams before the main high pressure 
is required to complete the extrusion, a pre- 
filling tank system is employed. With this 
system low-pressure water at approximately 
100 Ib per square inch from the prefilling tank 
is supplied to the main and piercing cylinders 
of the press via filling valves to effect the pre- 
liminary working stroke of these rams until the 
resistance of the billet is encountered. At this 
point high-pressure water is supplied for the 
main pressing stroke until the extrusion is 
completed. 

This prefilling tank is partly filled with water 
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and is air loaded to a pressure of 100 lb per 
square inch, the tank being provided in its 
upper portion with a spring-loaded air safety 
valve to relieve to atmosphere any air in excess 
of 105 Ib per square inch. 

A weight-loaded water unloading valve set 
to lift at 100 lb per square inch controls the 
discharge of excess water exhausted from the 
press at the end of each extrusion. This valve 
joins a sluice valve at the base of the prefilling 
tank, a dashpot being provided which allows 
for free lift of the lever and damping of its fall 
to the closed position. The prefilling tank can 
be filled with water through a drain cock 
(fitted on its underside) from the main outside 
elevated supply tank, by lifting the lever of the 
weight-loaded unloading valve and allowing 
water to flow in by gravity after opening the 
air stop valve to enable air to escape as water 
enters. 


Press Controt GEAR 


All press operations are controlled from two 
desks, the larger or main one being in front of 
the machine where the operator has a clear 
view of all movements and the smaller desk 
being placed at the back of the container head. 
With the control system which has been 
installed the various controls for the press 
movements such as main ram, billet and pad 
loader, wedge and die carrier run-out, are all 
so interlocked that, should the press operator 
make a mistake in the sequence, all movement 
immediately stops. Further movement of any 
component is then impossible until the mistake 
has been rectified and the particular item 
restored to its correct position. Mistakes are 
indicated on the control panel by means of a 
red light showing opposite the name of the 
particular item causing the trouble. 

Power for the operation of the press is pro- 
vided by an air-hydraulic accumulator system 
using lubricated water as the pressure medium 
at a maximum working pressure of 3500 Ib per 
square inch. 

All movements of the press are controlled 
through balanced valves, and, with the ex- 
ception of the pad loading cylinder, these 
valves are all servo operated. Valve: move- 
ments are imparted by rocker shafts operated 
by servo cylinders which are controlled from 
small lever-operated piston valves at the 
control desk. 

In the servo system Lockheed control valves 
housed in the operator’s desks remotely control 
the servo cylinders which are mounted on the 
valve stands. The larger or main ecoritrol desk 
houses the controls for the following valves : 
main cylinder, speed control, piércing cylinder, 
billet loading cylinder, pad loading cylinder, 
and wedge operating cylinder; it also accom- 
modates the necessary gauges and recording 
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instruments. The small- 
er control desk houses 
the controls for the 
following valves : shear 
operating cylinder, die 
carrier run-out gear, 
and the pad supporting 
cylinder. Arrangements 
are made for individual 
and combined control 
of the main and piercer 
control valve levers, so 
that the piercer power 
can be used to augment 
the main ram power, 
if required, for solid 
extrusions. 

The speed control 
valve, which is directly 
controlled by a double- 
acting balaced piston, 
determines the main ram 
pressing speed. This 
piston, in turn, is con- 
trolled by the Lockheed 
metering and reversing 
valve mounted in the 
main desk. Manipula- 
tion of the lever of this 
valve supplies oil at 400 
Ib per square inch from 
an accumulator (also 
housed in the main 
control desk) to either 
side of the piston. When 
the lever is in the neut- 
ral position the circuit 
is closed and the piston 
locked in the desired 
position. The piston 
and hence the speed 
control valve spindle 
can be held positively in 
any predetermined posi- 
tion to set the speed of 
the main ram of the press at a predetermined 
maximum. 

The pump of the Lockheed hydraulic control 
unit for the servo operation of the main valves 
of the press is used in conjunction with a 
‘“*Pneudraulic ’’ accumulator, to form the 
pressure source. In this four-cylinder pump the 
cylinders are arranged radially, two vertically 
and two horizontally opposed, and in them 
spring-loaded pistons derive their reciprocating 
motion from an eccentric. The pump has a 
swept volume of 0-58 cubic inches and is driven 
at 324 r.p.m. by a }? h.p. electric motor with 
reduction gearing; a blow-off valve is incor- 
porated and this is set at 400 lb per square 
inch. 

A 250 cubic inch “ Pneudraulic ’’ accumu- 
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AIR-HYDRAULIC ACCUMULATOR 


lator connected into the main delivery line 
from the pump provides a reserve of power, in 
the form of fluid under pressure, to give prompt 
operation of a given main valve of the press as 
soon as the handle of the appropriate control 
valve is moved. In this accumulator the 
“separator ”’ is in the form of a rubber bag, 
instead of the usual piston, and the design 
eliminates frictional losses. 


THe Arr-HypravuLic ACCUMULATOR 


The air-hydraulic accumulator, to be seen in 
an illustration on this page, comprises one 
pressure bottle and three air bottles intercon: 
nected by piping. The air bottles are charged 
with air at 3500 lb per square inch, the actual 
working pressure of the accumulator. The 
water bottle is only partly filled with water, the 
working level being fixed by the. capacity 
required. 

Air from the air bottles is let into the water 
bottle so that the water becomes charged with 
a pressure equal to that of the air. As water is 
withdrawn from the pressure bottle the air 
expands, causing a slight drop in pressure, 
while at predetermined levels the hydraulic 
pump injects water back into the bottle. The 
pressure medium (lubricated water) is pumped 
into the pressure bottle from an outside 
elevated supply tank, and the air is compressed 
to give a slight rise in the pressure. It should 
be noted that under working conditions no air 
is used from the air bottles, i.e., the air in the 
bottles only follows up the water level in the 
pressure bottle, the sole effect on the air being 4 
slight rise or fall of the pressure, depending on 
whether the water bottle is filling or emptying. 

The maximum working pressure of the 
accumulator is 3500 lb per square inch, and it is 
designed to give either a 10 per cent.or 15 per 
cent variation of pressure when the useful water 
capacity has been drawn out. Usually this 
variation is arranged to be either 5 per cent or 
74 per cent above working pressure at maximum 
water level, falling to 5 per cenit of 74 per cent 
below working pressure at mihfimum water 
level. The percentage of variation is obtained 
by the ratio of air volume to water volunie in 
the bottle. 

An automatic system is fitted to control the 
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yater level, and suitable safety devices prevent 

sither overfilling with water or drawing off all 

the water which would otherwise admit high- 
air to the water mains. 

At tho bottom of the water bottle there is 
ftted a junction block with a large-bore pipe 
gnnected to @ main output stop valve. An 
,dditional pipe connects this junction block to 
water isolating valve at the bottom of a control 
tube at the front of the water bottle. The top 
end of the control tube is fitted with an isolating 
yalve and @ pipe connects this to the top of the 
water bottle. With both isolating valves 
the water level in the control tube will be the 
game as that in the bottle. 


At predetermined levels in the control tube 
a number of electrodes are fitted, which, when 
sbmerged by rising water or uncovered by 
falling water, operate appropriate electrical 
relays. At the same level as each electrode is a 
coloured lamp, which lights when the electrode 
issubmerged and thus indicates the water level 
in the bottle. ‘ 

The accumulator is arranged to operate fro: 
one pump only and six electrodes and six indi- 
cating lights are fitted in the following order :— 
Red light, high-water alarm sounds; green 
light, maximum level, pump _ by-passing ; 
amber light, ae commences to deliver water ; 
blue light, low-water alarm sounds; white 
light, automatic stop valve closes; red light, 
emergency low level, automatic stop valve 
closed 


In addition to these electrodes, a double- 
contact electrical contact gauge is fitted to the 
water bottle and arranged so that if the extra 
high level indicated by the top red light is 
exceeded the high-level contacts of the gauge 
close, due to extra pressure, and shut down the 
pump. Similarly, if water is drawn off below 
the emergency low level indicated by the bottom 
red light and the electrode does not operate, 
then the low-level contacts of the gauge will 
close, due to the drop in pressure, and close the 
automatic stop valve, thus preventing any 
more water being drawn off. 

The pressure fluid feed pump is controlled by 
a by-pass valve so that at the appropriate level 
a servo valve either admits pressure to close 
the by-pass valve or exhausts pressure to allow 
the valve to open. With this arrangement the 
pump is continuously running, but circulates 
water back to the supply tank through the open 
by-pass valve until the valve is closed, when 
pressure is then developed by the pump and 
delivered to the accumulator. 

The compressed air applied to the water in 
the bottle to give the required hydraulic 
pressure is obtained from a small three-stage 
compressor. The delivery pipe from this com- 
pressor is coupled to an air header block 
adjacent to the air bottle and contains a eheck 
valve, pressure gauge and an air charging valve. 
By opening the charging valve compressed air 
is admitted to the air space in the water bottle. 
From the bottom of each air bottle a pipe is 
coupled to the air header block through an air 
stop valve. A main air pipe connects the air 
header block to the top of the water bottle. 
When the accumulator is working all stop valves 
are open, so that all air bottles are connected to 
the water bottle. 


_ When charging any one or group of bottles 
it is only necessary to open the charging vaive 
to admit air. from the compressor, and with 
the stop valve closed no other bottles will be 
charged. 

The ‘“‘ Hamworthy”’ compressor, used for 
supplying the air is a two-crank, three-stage 
machine with in 1 inter and after coolers 
arranged to deliver 13 cubic feet of free air to 
a pressure of 3500 Ib per square inch when 
running at a speed of 570 r.p.m. ‘This com- 
pressor is direct coupled through a flexible 
coupling to a 15 h.p. motor and is employed for 
the initial charging of the air bottles. It is 
only started up when it is required to top up 
the air bottles to compensate for loss of air. 

The “ Fielding ’’ pump used for charging the 
water bottle of the accumulator is a horizontal 
threc-ram, totally-enclosed unit driven through 
gearing by a 265 h.p. electric motor. It has a 
capacity of 97 gallons a minute. 
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Propeller Shaft Failures 


THE question of stress concentrations in 
propeller assemblies has been under con- 
sideration by the Committee on Engineering, 
of the American Bureau of Shipping, in an 
effort to devise methods which will effect a 
reduction in the number of propeller shaft 
failures. Instructions issued to surveyors, at 
an earlier date, relating to this matter were 
concerned with the correct method of fitting the 
propeller and the. means to be adopted for 
preventing the ingress of water into the 
assembly, An examination of propeller shaft 
material has shown that there has been no 
reduction in the quality of the material, and 
as @ result of a number of torsional calculations, 
which have been made for the large groups of 
sister ships, it has been established that, with 
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(c) SUGGESTED HOOP STRESS RELIEF FOR PROPELLER 
HUB & SHAFT LINER. 


Note.—It is important that the stress relief grooves 
be at least }in deep and that the thickness of the lip at 
the edge be held at yin. The side of the stress relief 
groove adjacent to the shaft should have an easy slope, 
as shown, to provide effective relief over a distance of 
at least }in from the edge of the fit. 


METHODS TO REDUCE STRESS 
CONCENTRATIONS 


the exception of the “Liberty” ships, the 
failures were not primarily caused by torsional 
vibrations, 

The points at which the majority of cracks 
occur are near the end of the keyway, near the 
forward end at the fit of the propeller hub on 
the shaft or in way of the end of the fit of the 
shaft liner. Practical methods for reducing 
stress concentrations at these critical points 
were discussed at this year’s meeting of the 
committee, and several suggestions, which it 
was thought would help to alleviate the con- 
dition, were set out in a letter circulated by 
the chief surveyor, Mr. D. P. Brown, to all 
owners of ships classed with the Bureau. 

The three methods put forward by the Bureau 
are illustrated in the accompanying drawings : 
(a) the bottom of the counterbore of the pro- 
peller hub is approximately the point at. which 
the keyway in the shaft runs out, and it is pro- 
posed that. by stopping the keyway a few inches 
short of the bottom of the hub counterbore 
stress concentrations caused by the keyway 
and edge of the press fit may be reduced. The 
second (b) concerns the keyway and 
the key. About the keyway it is suggested 
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that generous fillets be formed at the bottom 
corners and the forward end of the keyway 
should gradually conform with the contour of 
the shaft by the use of reverse fillets to give a 
spoon-shaped ending. For the key it is proposed 
that in order to avoid any sudden change of 
loading at the end of the key, two saw slots 
or a “ fishtail ’’ slot should be provided. 

Arising from the research carriéd out over a 
number of years on the problem of fatigue 
of shafts at fitted members a simple and prac- 
tical method (c) was found for reducing stress 
concentrations at points such’ as the end of the 
shaft liner and the edge of the propeller hub 
fit. This third suggestion put forward includes 
the provision of grooves in the end of the 
liner and at the bottom of the propeller hub 
counter bore. . 

The methods suggested can be mcorporated 
in new designs or replacements and, with the 
exception of the modified keyway, in existing 
shafts and propellers. 
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British Standards Institution 


All Britieh Standard 8S: can be obtained from 
the Sales Department of the Institution at 24, Victoria 
Street, London, 8.W.1. 


STEEL BARS FOR THE PRODUCTION OF 
MACHINED PARTS 


No. 32:1952. This replaces B.S. 32: 1935, 
which has been out of print for some time, and which 
was, in effect, superseded by B.S. 970, “ Wrought 
Steels for Automobile and General Engineering 

oses.”” It is, however, being retained in this 
1952 edition for an interim i until the use of 
B.S. 970 for such material has become sufficiently 
established in general engineering practice, par- 
ticularly overseas. 

In the present revision the chemical composition 
and tensile properties of the steels have been made 
identical with those of the corresponding steels in 
B.S. 970. A new grade, which represents a quality 
superior to that associated with the obsolete 
Grade 3, has been added for rapid machining in 
repetition work. 

In the standard it is requested that orders should 
in future quote the En. number referring to 
B.S. 970. Price 2s. 6d. post free. 





PACKAGING CODE 


Section 5 of B.S. 1133. Exporters of non-metallic 
materials often have to contend with spoilage of 
their products resulting from attack by moulds, 
bacteria, insects, mites or rodertts. The avoidance 
of such attack presents a difficult problem because 
it is in each instance to consider the 
compatability of possible protectives with the 
article itself and with the material from which 
the container is made. Moreover, a protective 
which gives excellent service for one product in a 
given type of package when it is sent to one area, 
may break down completely if an identical article 
in an identical package is sent to an area with 
different climatic conditions. If at all possible, 
fungicidal and insecticidal treatment should be 
given to articles in the course of their manufacture. 
Packers can, however, assist in avoiding this kind 
of damage if the article cannot be protected during 
the manufacture, and guidance on the steps they 
can take to achieve this is contained in this newly 





published section of B.S. 1133. Price 2s., post 
free. 
TURNBARRELS, TENSION RODS AND 


SWAGED CABLE-END CONNECTIONS 
FOR 


No. SP. 33-39: 1951. These standards detail 
a tensioning device for aircraft control cables and 
a variable range of cable-end fittings for safeguard- 
ing against the crossing of controls. The turn- 
barrel and tension rod are designed to connect 
screwed end and tapped end fittings, respectively ; 
these in turn are swaged to cables. 

For each load rating of cable two alternative 
thread sizes are provided for the ond fittings, 
each thread size having an alternative left-hand or 
right-hand thread. It is therefore possible to pro- 
vide eight turnbuckle assemblies for any one load 
rating of cable in such a way that no control run 
can be crossed when all are assembled. Details 
of such an arrangement of the fittings, together 
with figures showing the dimensions of the assemb- 
lies, are given in the appendix to the standards. 

This publication combines the following seven 
standards: SP. 33—turnbarrels ; SP. 34—screwed 
ends; SP. 35—tension rods; SP. 36—tapped 
ends; SP. 37—eye ends; SP. 38—fork ends, and 
SP. 39—eye ends for chain. Price 2s. 6d., post free. 


The Development of 
Engineering Metrology 


By F. H. ROLT, B.Sc., A.C.G.I., M.I.Mech.E., 
M.1.Prod.E.* 


No. I 


On Wednesday last, March 19th, the Sir 
Alfred Herbert Paper, 1951-52, was read 
before the Institution of Production Engi- 
neers in London, by Mr. F. H. Rolt. This 
paper was entitled “The Development of 
Engineering Metrology,” and abstracts from it 
are given below. 


That measurement is a vital part of Produc- 
tion Engineering will, I think, be agreed with- 
out question. Production engineers are .con- 
cerned not only with the art of cutting and 
forming metals by the most economic methods, 
but they must also be in a position to know just 
when to stop the cutting operation and to know 
the sizes of the forming. tools they use so that 
the size of the finished product may be correct. 
Measurement, of course, extends beyond the 
sphere of the production engineer in the fac- 
tory. It also plays a very important role in 
the manufacture of machine tools. Here, in 
addition to ensuring satisfactory fitting between 
the various mating parts of the machines, 
measurements are used to verify the correct- 
ness of the “ alignments ’’ of the machine, i.e., 
the straightness of its ways, the parallelism, 
squareness and the truth of its running parts. 
These measurements are of the order of only 
a thousandth of an inch or less but, nevertheless, 
are highly important if the production engineer 
is to have machine tools upon which he can 
rely. Then there is, of course, the inspector 
whose primary duties in an engineering factory 
are almost entirely concerned with measure- 
ment. Thus production engineers, machine tool 
makers, and inspectors are all very much con- 
cerned with measurement in their every day 
work. 

My own particular experience of measure- 
ments, however, has not been so concerned with 
those fields of application as in the study of the 
tools and appliances used for measuring. This 
study has been all the more interesting to me as, 
through the years, it has necessarily brought me 
into intimate contact with a section of British 
industry which, although still relatively small, 
plays an essential part in the engineering indus- 
try of the country. Drawing upon my own 
experience, therefore, my remarks will, for the 
most part, be concerned with the development 
of the various types of tools and instruments 
for measurement as we know them to-day. 


GAUGES AND MEASURING INSTRUMENTS IN 
Great Brirarm in 1900 


At the beginning of this century Great 
Britain had very little in the way of measuring 
instruments. The measuring machines and sets 
of standard length gauges and plug and ring 
gauges invented and produced by Sir Joseph 
Whitworth in the latter half of the previous 
century had not been improved upon to any 
extent. Limit gauges were not in very common 
use, except in those workshops manufacturing 
armaments. Indeed, little other repetitive 
work calling for precision and interchangeability 
was going on except the manufacture of the 
Willans engine, sewing machines, bicycles, 
sheep shearing machinery and possibly ball 
bearings. The large scale production of internal 
combustion engines and automobiles was still 
to come. The limited numbers of micrometers 
and vernier callipers then in use were imported 
from the United States and continued to be so 
until well after the first worltl war. 

All this does not mean that fifty years ago 
British engineers could not work accurately. 
The mechanic of those days was quite skilled 
in “ fitting’? one component to another, and 
used his craftsmanship to provide just the right 
amounts of clearance or interference to suit 
the particular working conditions. These 
clearances or interferences were seldom reckoned 
in so many thousandths of an inch, but more 
often were judged simply by feel. 

It was in these circumstances at the turn of 
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the century that the Swedish engineer, Carl 
Johansson, introduced his system of block 
gauges, for which he was granted a British 
Patent in 1902. It is significant to note that 
Johansson’s invention of these gauges was the 
outcome of his work as an armourer inspector 
at the Swedish State Rifle Factory. Up to the 
beginning of the first world war, Johansson 
gauges were generally looked upon as a novelty 
and tended to find a place in a glass case in a 
laboratory rather than in the workshops, where 
their need originated. 

Previous to about 1920, the N.P.L. had relied 
upon a set of Whitworth length gauges as stan- 
dards, and had not been certain of their actual 
lengths to better than about 0-0000lin per inch 
of length, i.e., ten parts in a million. This was 
due partly to the imperfections in the end faces 
of these gauges, which were at least twenty 
years old, and partly to the inherent difficulty 
of determining the exact size of a thirty-six inch 


1) 


length gauge in comparison with the yard length 
as defined by the distance between the lines on 
the Imperial Standard Yard bar. 

Both these difficulties were removed soon 
after the first world war by the successful out- 
come of experiments made at the N.P.L. by the 
late A. J. C. Brookes in the production of a 
new type of length gauge. 

This type of reference gauge is shown in 
Fig. 1. The body is jin diameter and has two 
projecting bands 0-9250in diameter at the 
“Airy” points. The hardened end faces are 
lapped flat and parallel to well within 0-00001in; 
they are also truly square to the common axis 
of the two bands. The flatness and high finish 
of the faces enable such gauges to be wrung 
together like Johansson gauges. When used as 
reference standards, the gauges are usually 

on to a baseplate in a vertical position. 
Sets of these gauges are now made industrially 
to a guaranteed accuracy of two-and-a-half 
parts in a million on the length ; a 10in gauge, 
for example, would be correct to size to within 
25 millionths of an inch. The actual sizes of 
the gauges can be determined by the N.P.L. to 
well within one part in a million. 

It is significant that, as a result of the intro- 
duction of this new type of high-precision 
length gauge at the N.P.L. and the facilities 
which it afforded for more accurate standardisa- 
tion, the N.P.L. found it necessary, in 1920, 
to change the previously accepted values of 
its length gauges in inch units by minus twelve 
parts in a million, i.e., by closely 0-00014in on 
a 12in gauge. 

As mentioned earlier, Johansson introduced 
his gauges about 1900 and remained the only 
source of supply in the world for nearly twenty 
years. All the slip gauges used in this country 
for testing limit gauges during the first world 
war were imported from Sweden. However, 
towards the end of the war, Brookes experi- 
mented with methods for making these gauges 
at the N.P.L. and in a relatively short time was 
successful, with the co-operation of J. E. Sears, 
in producing them with all the necessary 
qualities of finish and accuracy. The method 
of manufacture was patented in 1920 and formed 
the basis of subsequent production in this 
country on a commercial scale. 
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MEASUREMENT OF STANDARD GAUGES BY 
Optical INTERFERENCE METHODS 


It will be appreciated that, whilst Brookes’ 
method of determining the sizes of shorter 
length gauges, such as 3in and lin by the 
method of subdivision from a 36in parent 
gauge was capable of very high accuracy, it 
entailed a considerable amount of work. The 
calibration of a complete set of slip gauges by 
this method was an even more formidable 
task. It is not surprising, therefore, that soon 
after the first world war, attention was directed 
towards the possibility of devising practical 
methods for measuring length gauges and slip 
gauges in terms of wavelengths of light. As 
far back as 1892, Michelson had determined the 
wavelength of the red radiation from a cadmium 
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discharge lamp in millimetres, and his Vesults 
had been confirmed to well within one part jy 
a million by other scientists.t Thus, if it wer 
possible to measure the lengths of g 
accurately in terms of wavelengths, this 1umbe, 
of wavelengths could be immediately converted 
into millimetres arid thence: into inches, jf 
desired. 

After experimenting with several meth 
the N.P.L. devised an apparatus in 1931 whic), 
enables sets of slip gauges to be measiired by 
this optical method on a practical basis, A) 
accuracy of a millionth of an inch is «ttaine 
for all sizes up to an inch, and the same amount 
per inch of length for larger gauges. Tho 
interferometer upon which such measu: ements 
are made at the N.P.L. has the special feature 
that it can be set up to measure as 1 any ag 
twenty gauges in a batch. 


ENGINEERING STANDARDS OF ANULE 


It was not until after the first world war that 
a continental firm introduced the first univergg] 
set ‘of angle gauges. The set consisted of 
eighty-five plates about 2in by jin by in 
thick with their edges ground and lapped, 
Used singly, or more generally clamped together 
in pairs, these plates enabled angles to be formed 
from 10 deg. to 350 deg. in steps of one minute, 
They served quite a number of useful purposes, 
and were reliable to about half a minute of arc. 

No improvements were made on these gauges 
until 1941, when Dr. G. A. Tomlinson, working 
at the N,P.L., patented his combination angle 
blocks. The angles of the thirteen blocks in 
the set range from three seconds up to 90 deg,, 
and each one is accurate to within one second. 
They have lapped faces, 3gin by fin, which 
enable them to be wrung together like slip 
gauges, but whilst the latter, of course, can only 
be added together, the values of the angle 
blocks can be subtracted as well as added, 
according to the direction in which the blocks 
are wrung together. 

Used individually, or in combination, it is 
possible with this set of blocks to constitute any 
angle up to 360 deg. in steps of three seconds. 

These angle blocks have found many uses, 
and it may be said that their influence, in 
setting a standard for the precision of angular 
measurements, has been as potent as that pre- 
viously brought about by slip gauges in the 
field of length measurements. 

The square block in Tomlinson’s set of angle 
gauges led the N.P.L. to produce others of 
polygonal form having eight, nine, ten, twelve, 
thirty-six and even seventy-two sides. 


EarLy MACHINES FOR MEASURING AND 
INSPECTING ScREW GAUGES 


During the first world war the N.P.L. 
inspected about 10,000 munition gauges a week. 
Nearly a third of these were screw gauges, in 
the production of which this country had had 
very little previous experience. In those days 
thread grinders were unknown, or were only 
in the very early stages of development, and 
practically all the screw gauges were threaded 
on lathes with single-point tools, and then 
laboriously lapped to correct the errors in 
pitch and diameter caused by distortion in 
hardening. The measurement of these gauges 
during their manufacture and final inspection 
presented a serious problem, and it was on this 
that the Metrology Division first concentrated 
its attention. Within a relatively short time 
the late E. M. Eden succeeded in designing 
prototype machines for measuring the dia- 
meters and pitches and for examining the 
accuracy of the profiles of thread gauges. These 
machines were soon in fairly general use and 
were instrumental in overcoming the serious 
initial shortage of that type of gauge. It is 
of interest to note that the basic principles in 
the designs of these machines have remained 
unchanged even to the present day. One can 
go further and say that the use of geometric 
slides and the application of flexible steel strips, 
which Eden incorporated in the design of these 
machines, have since been widely adopted in 
the construction of many other measuring 
machines for quite different purposes. q 

Eden’s design of “floating micrometer’ 

+ 1 metre equals 1,553,164: 13 wavelengths of cadmium 
red light in dry air at 15 deg. Cent. and 760 mm. 
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machine for measuring the diameters of plug 
grow gauges is a model of simple geometrical 
. It is shown in Fig. 2. 
The introduction of this relatively simple 
machine not only enabled the N.P.L. to deal 
itiously with the large numbers of screw 
which had to be checked, but its use 
by tho screw-gauge makers themselves was 
accompanied by a steady stepping-up of the 
portion of passed gauges from below 50 per 
cent up to 75 and even 80 per cent. 
During the course of time, Eden’s original 
machine has been subject to improvements 
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both to increase its accuracy and facilitate its 
use. The elementary micrometer head on which 
one used to estimate the tenthousandths has 
been replaced by one with an enlarged gradu- 
ated drum capable of being read to 0-0000lin. 
At the same time, to reap the full benefit of this 
improved micrometer, the solid anvil has been 
replaced by a sensitive indicator. This obviates 
any necessity for delicacy of touch, and enables 
different operators to obtain the same readings 
on a gauge merely by bringing the pointer of the 
indicator up to a definite mark. 

The early screw gauges were very prone to 
large errors in pitch, which resulted from in- 
accuracies in the lathes on which they were 
threaded, or from distortion during hardening. 
Here again, the trouble was only overcome when 
the gauge manufacturers could be provided with 
a suitable measuring machine for checking the 
accuracy of pitch. One of the types of pitch 
measuring machine which Eden designed at the 
N.P.L. for that purpose is shown in Fig. 3. 
The plug screw gauge to be measured was held 
between centres, and its thread traversed along 
an axial plane by a round-nosed stylus which 
rode in and out of the thread, under the control 
of a micrometer screw. The stylus was attached 
to an indicator which enabled the operator to 
tell when it became centrally located between 
the successive threads. At these positions, the 
reading of the micrometer was noted, and thus 
the actual spacing of the threads was obtained. 
The ‘machine was simple in construction, 
required little skill to use, and its accuracy was 
such that it has hardly been improved upon to 
the present day. 

It may be mentioned that the machine can 
be used for measuring the pitches of ring as well 
as plug screw gauges by fitting an adaptor to 
the indicator. It is still made industrially, and 
has proved very generally useful. 

Whilst engaged in the design of the machines 
referred to above for measuring the diameters 
and pitch of screw gauges, Eden also considered 
the problem of devising better means for 
examining the profiles of screw threads and form 
gauges, such as were required in large numbers 
for checking the forms of the copper driving 
bands on shells. So far as the profiles of screw 
gauges were concerned, Eden based his ideas on 
the optical system used in the thread-measuring 
microscope, which had been made in 1903, for 
the Committee of the British Association con- 
cerned with the inauguration of our present 





THE ENGINEER 


B.A, system of screw threads. This early 
machine, which is shown in Fig. 4, is incidentally 
the direct forerunner of the modern toolmakers’ 
microscope. It was arranged so that the profile 
of the screw thread was illuminated from behind 
by a parallel beam of light directed along its 
helical angle, and was viewed through a fixed 
microscope having cross-wires in its eyepiece. 
The gauge was held in a chuck on a compound 
slide, fitted with micrometer screws for measur- 
ing diametral and pitchwise movements of the 
gauge under the microscope. The thread angle 
was measured by rotating the microscope in its 
tubular holder. By ex- 
tending the microscope 
an image of the thread 
profile could be projected 
on to a screen held 


above the microscope, where _it could be photo- 
graphed, if desired. 

With this machirie in mind, Eden constructed 
an experimental microscope-projection appara- 
tus simply for projecting the profiles of screw 
gauges on a screen, magnified exactly fifty times. 
Any errors in the profiles could then be seen by 
superimposing the images on enlarged diagrams 
of the corresponding standard profiles, carefully 
prepared in the drawing office. Ring screw 
gauges were dealt with in a similar manner after 
taking a cast of a segment of the thread in 
plaster of Paris. 

In its final form, Eden arranged this screw 
thread projector with its optical axis vertical, 





and used standard cine-lenses in place of the 
combination of a microscope objective and 
eyepiece. 

This was the vertical type of projector, of 
which. several models were designed and con- 
structed at the N.P.L. during the first world 
war. Following the usual practice of the N.P.L., 
the drawings were made available to British 
industry and some of these models are still 
made commercially for screw gauge work. 

It is interesting to note that more recerit com- 
mercial designs of this apparatus have followed 
the same general principle, except that the 
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projection lens is placed below the gauge and 
the image is formed on a ground glass screen 
after the beam has been reflected upwards by a 
mirror in the base of the instrument. 

Eden’s success with screw thread projectors 
prompted him to attempt the more difficult task 
of designing an apparatus, with a much larger 
field, for obtaining true images of plate gauges 
and form tools up to a magnification of 50. 

This simple form of horizontal projection 
apparatus became so popular, not only with 
inspectors, but also with gauge makers, that 
its manufacture was taken up by several firms. 

It is of interest to note that Britain’s lead 
in the design and use of optical projectors for 
inspecting gauges and profiles, which the 
writer regards as one of the most important 
advances in measuring technique during the 
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last fifty years, has been followed by practically 
every industrial country. 


Optica MACHINE FoR MEASURING THREAD 
WrrEs 

The introduction of the floating micrometer 
machine for measuring screw gauges during 
the first world war created a large demand for 
thread measuring wires. As there was no 
industrial source of supply for these wires at 
that time, the N.P.L. undertook to provide 
them. They were made by carefully lapping 
selected sewing needles. Upwards of 18,000 
were issued during the war, accompanied by 
certificates giving their exact diameters and 
particulars for use. 

Their measurement in large numbers was 
greatly facilitated by the use of a special 
micrometer, capable of being read to 0-00001in. 
Instead of a solid anvil, this instrument was 
fitted with a sensitive fiducial indicator opposite 
the micrometer. The indicator was designed 
by Eden and served to ensure exactly the 
same pressure, irrespective of the “feel” of 
the operator. 


** MILLIONTH ” COMPARATORS 


In the account already given of the work of 
A. J. C. Brookes, reference was made to a 
sensitive comparator which he designed, 
towards the end of the first world war, for 
measurements in connection with his subdivi- 
sion of standard length gauges. 

This instrument, which became known: as 
the ‘‘ level comparator,” operates on a very 
simple principle, and it is readily possible to 
detect a difference of only one millionth of an 
inch between two gauges. 

This instrument has the unique feature that, 
when two gauges are being compared, they are 
dealt with simultaneously and not inserted 
in a machine one after the other. The gauges 
can therefore be set up, left for a while to 
equalise in temperature, and then be compared 
without disturbing them in any way. Another 
advantage is that the instrument can be used 
for comparing length gauges, ranging from thin 
slip gauges up to those 40in or more in length. 

When large numbers of slip gauges have to 
be compared, it becomes rather a slow. process 
to have to wring them down in pairs on to the 
base of a level comparator. Such comparisons 
can be carried out much more expeditiously 
on another type of “ millionth.” comparator, 
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specifically designed by Eden for that purpose 
in 1918. 

Of the many measuring devices to Eden’s 
credit, the writer considers this machine to be 
his masterpiece. 

It was made in a few hours and functioned 
quite satisfactorily from the start. It cannot 
fail to be regarded as a most beautiful example 
of instrument design, since the extremely 
high accuracy obtained from the machine 
entailed so little care in its actual construction. 
The actual prototype machine is now preserved 
in the Science Museum, South Kensington. 
The manufacture of the machine has since 
been taken up by several firms. 

Following Eden’s machine, still another 
“millionth ” comparator was designed at the 
N.P.L. in 1918 by the writer’s predecessor, 
J. E. Sears. This machine was provided with a 
pair of flat, parallel contact faces to enable 
it to be used for the precise measurement of 
cylindrical gauges and balls, as well as slip 


gauges. 
THE Work or E. M. EDEN at N.P.L. 


Readers of this paper will doubtless have 
been struck by . the frequent references 
to the work of E. M. Eden at the 
N.P.L. in the development of engineers’ 
measuring instruments and machines. It is 
unquestionably true that British engineers 
owe a lasting debt to Eden’s pioneer work in 
the art of measurement. His achievements 
are all the more remarkable in that they were 
effected within the relatively short period of 
three and a half years, which he spent in the 
Metrology Division of the N.P.L. He came there 
with no previous experience in the art of fine 
mechanical measurements, but equipped with 
an intimate knowledge of kinematics and the 
geometrical aspects of machine design, all of 
which he quickly brought into play. He had a 
keen analytical mind, and it was characteristic 
of all his designs that he strove to attain the 
required accuracy with the simplest and 
cheapest form of construction. One ventures 
to suggest that he was the first practical 
exponent of the principles of geometrical 
design as applied to the construction of engi- 
neers’ measuring instruments. His designs of 
geometric slides and the uses of steel-strip 
hinges have since been extensively applied in 
the construction of many different kinds of 
fine measuring instruments, both in this country 
and abroad. 

Eden left the N.P.L. in 1919 to go to the 
research laboratories of the General Electric 
Company at Wembley. He died in 1934 at the 
age of sixty-one years. 

A further advance made by the N.P.L. during 
the first world war was the establishment of 
methods of measuring taper gauges, large profile 
gauges and position gauges by the use of 
cylinders and balls in conjunction, with slip 
gauges. These methods have remained the 
standard practice ever since, with the addition 
of @ universal measuring block of British make, 
designed by J. E. Baty. 


(T'o be continued) 
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A Hot Spray Unit 


THE photograph reproduced herewith shows a 
compact hot spraying unit for paint and lacquer 
which is now being made by Spray Finishing 
Systems, 5, St. James’s Place, London, S.W.1. 
The makers claim that when using this machine 
with suitable hot spray la¢quers appreciable 
saving can be effected in both time and labour. 
In it a lacquer which is normally sprayed at 
room temperature at 21 per cent solids can be 
sprayed at 40 per cent solids when it is heated 
to 160 deg. Fah. Thus, by heating, solids can 
be greatly increased and a saving in solvent 
effected, whilst viscosity at the spray nozzle 
remains the same. At the same time, the 
number of coats applied can be reduced to 
reduce handling and labour costs. 

The new machine, whieh occupies a very 
small floor space and weighs only 98 Ib, is 
arranged for easy coupling to a works com- 
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pressed air system, through which its mechanism 
is driven, and a power line for its electric heating 
unit. The fluid to be sprayed is drawn from its 
container by a self-priming, air-motor-driven 
pump, which runs at speeds from 20 to 150 
r.p.m., according to the duty. A six-to-one 
epicyclic gear is fitted between the pump and 
the motor, and the air consumption with an 
80 Ib per square inch supply is up to 3} cubic 
feer per minute according to the pump speed. 
When the pump is running at its maximum 
speed the machine can deliver up to 12 gallons 
of lacquer per hour to the spray gun. 

In the machine the paint or lacquer is 
pumped round the coils of a 2000W cast alu- 
minium heater block, in which it is heated to 
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100 deg. Fah. in five minutes and to 180 deg. 


Fah. in nine minutes. A thermostat control is 
fitted, and through it the operating temperature 
is controlled and maintained at a constant 
rate under all conditions of spraying. 

The fiuid is pumped round in a closed circuit, 
which incorporates the feed gun of the spray 
gun, and the pressure of the fluid at the gun 
inlet is controlled by the setting of a check 
valve in the return line to the pump. A priming 
valve is fitted to ensure that when the circuit 
is filled on starting up all air in it is expelled. 
Two air supply inlets are fitted to the unit for 
the gun supply, one for providing heated air 
and the other for cold air. 


A Dynamic Road Testing 
Machine 


Srvce the war, as part of the research pro- 
gramme of the Shell laboratories, research has 
been made at Amsterdam laboratories on the 
elastic, or resilient, properties of road materials. 
It is generally recognised that moving traffic 
sets up vibrations in a road, but up till now 
little has been known about the influence of 
these vibrations on the strength of the road, 
or to what extent they form a limiting factor 
in road design. To meet this problem, a 
dynamic road-testing machine, which was 
invented at the Amsterdam laboratories, sets 
up vibrations through the various construction 
layers of the road. Picked up through micro- 
phones placed on the road surface, these vibra- 
tions are recorded and analysed by electrical 
means. In this way, information is obtained 
both about the road construction as a whole 
and about its various constituent layers, from 
sub-base to surface. 

So far only one of these machines has been 
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completed ; it was built in Holland, whore the 
main testing work was carried out both op 
roads and at the Amsterdam Internationa 
Airport, Schiphol. The apparatus is eagi) 
moved from place to place since the vibrati 
and balance weights are mounted on a two. 
wheeled trailer which is towed by a van gop. 
taining the recording instruments. 

In the machine, a_ vertical alternating 
sinusoidal force of up to 2000kg is generated 
by revolving eccentric masses. The vibrations 
excited are measured electrically using ap 
electronic voltmeter and a vibration recorde, 
coupled to a cathode-ray oscilloscope. The 
generator operates in the 5-60 c/s range, thus 
covering the most important frequencies 
imposed by traffic. The rates of propagation 
of the vibrations through the construction are 
measured and the dynamic shear moduli of 
the various construction layers determined, 
By. measuring the deformations which the 
pavement undergoes under a known alter ating 
force, the stresses and strains set up in the road 
carpet can be derived. 


A Direct Current Milliwatt 
Calibrator 


THE testing and calibration of thermo. 
couples demands an accurate and stable source 
of low-level power. From the viewpoint of 
accuracy and stability, the obvious basis for 
such a source is a standard cell, but for testing 
and calibration purposes a means must be found 
of obtaining appreciable power for any length 
of time. This problem has been solved by 
Standard Telephones and Cables, Ltd., in the 
‘**74131-A D.C.” milliwatt calibrator, which 
uses @ Muirhead miniature Weston standard 
cell “‘ D-550-A ” as the reference voltage in a 
circuit which places no load upon it. 

The standard cell e.m.f. is applied between 
one of the grids of a double-triode valve and 
earth, and a voltage derived from a potentio- 
meter network supplied with stabilised d.c. is 
applied to the other grid. By adjustment of the 
potentiometer resistance this voltage can be 
made equal to the standard cell voltage, and 
then used as a reference voltage, against which 
the standard output of ImW into either 600 
ohms or 75 ohms can be checked. The Muirhead 
cell was chosen because it combines a high 
degree of accuracy and stability with robust 
mechanical construction, and because replace- 
ment is cheap. 


Technical Reports 


Note on the Quantity and Constitution of Gas 
Liberated During Arcing in Oil (Report Ref. 
G/X7T35). By C. E. R. Bruce and W. B. Whitney. 
The British Electrical and Allied Industries Re- 
search Association. Price 10s., postage 4d.—The 
present report, originally issued for limited circula- 
tion in 1933, is now released for wider use. It con- 
tains a survey of the results of investigations into 
the nature and constitution of the gas liberated by 
an arc in oil, and supplements the data published 
in Report Ref. G//Ta4. The data now given are 
necessary for the calculation of pressure rises and 
allied phenomena in enclosed circuit breakers. 


The Gases Liberated During Arcing in the Side- 
Blast Baffle Circuit Breaker (Report Ref. G/XT66). 
By C. E. R. Bruce and W. B. Whitney. The 
British Electrical and Allied Industries Research 
Association. Price 7s. 6d., postage 3d.—This report 
shows the relation between gas production in the 
E.R.A. side-blast baffle breaker and that in plain 
breakers as determined and first reported in 1937. 
Values are given for the quantity and analysis of the 
gas liberated in tests with currents ranging from 
650A to 5000A, at 6600V and 50c/s. A value of 
approximately 65 cubic centimetres (N.T.P.) per 
ie W-s0c of total arc energy was observed, the quan- 
tity tending to increase somewhat with increase in 
current, probably due in part at least to the small 
increase in pressure observed at the higher currents. 
The constitution of the gas is similar to that found 
in tests on the open tank, the acetylene content 
being high (17 to 29 per cent), though the methane 
content increases more rapidly with increase in 
current (1 to 15 per cent) than was observed with 
that circuit breaker or with the closed tank at 
similar pressures. 
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Accidents and Airports 
(By our Amertoan Correspondent) 

Tue sequence of three aeroplane crashes 
gecurring within two months in the city of 
Blizabeth, adjacent to Newark Airport in 
New Jersey—accidents which brought death 
to 107 passengers and crew members and 
eleven residents of Elizabeth—has caused an 
intense controversy concerning three basic 
questions: First, are to-day’s airports situ- 
ated too close to congested areas for safety ? 
Second, could the accidents have been avoided 
if the airport had not been close to a city ? 
Third, is it possible to move airports away 
from congested areas? To recall the essen- 
tial factors in each of the three accidents : 
Qn December 16th of last year, a twin- 
engined “‘C-46” aircraft of the Miami Air- 
line left Newark Airport with fifty-six 

ngers and crew on a non-scheduled 
fight to Florida. Prior to taking off, the 
machine had been delayed several hours for 
repairs, and almost as soon as it rose from 
the ground it was seen to be in trouble. The 
right engine began to smoke and flame ; the 
machine circled about to return to the field, 
when it lost altitude, hit the roof of one or 
two buildings and crashed on its back into 
the icy Elizabeth River, thus causing the 
second largest death roll in the history of 
American commercial aviation. On January 
22nd, a twin-engined “Convair” aircraft 
owned by the American Airlines, was arriving 
from Buffalo and was swinging into Newark 
Airport over the city of Elizabeth, with a 
ceiling of only 400ft and visibility of less 
than three-quarters of a mile, when it 
suddenly veered off course, .dropped down 
sharply and smashed into some houses, 
killing the twenty-three passengers and mem- 
bers of the crew as well as seven inhabitants 
of the houses that had been struck. Then, on 
February llth, a four-engined “ DC-6” 
aircraft of the National Airlines took off for 
Miami, after some delay, and climbed to 
about 500ft. Seconds later it began losing 
altitude. The pilot radioed, ‘‘ Lost an engine.” 
The air traffic controller radioed back ,‘‘ You 
are cleared to land any runway.’ The 
“DC-6” circled over Elizabeth, trying to 
return to the field. Two minutes later, the 
aircraft struck the second storey of an apart- 
ment house and pancaked down in the base- 
ball ground of an orphanage, causing the 
death of more than thirty persons. 

The crash brought to a high pitch the 
protests of the residents of Elizabeth—some 
of whom live only a mile and a quarter from 
the end of No. 2 runway of Newark Airport. 
A few hours after the accident, the Port of 
New York Authority, which operates Newark 
Airport, closed it down. The field has 
remained closed pending the completion of 
investigations by the Federal Civil Aero- 
nautics Board, which regulates commercial 
flying in the United States, and the Civil 
Aeronautics Administration. Meanwhile, 
Newark traffic has been re-directed to La 
Guardia and Idlewild Fields in New York 
City, which are also operated by the Port 
Authority. Only a few days later, aircraft 
were landing and taking off from La Guardia 
at the rate of one every two minutes. Resi- 
dents adjacent to the field demanded that the 
airport be closed before there could be any 
accidents. The Civil Aeronautics Adminis- 
tration and the airlines began mapping out 
new flight patterns to avoid, so far as possible, 
flights over congested areas. But actually, 
aviation officials maintain, neither Newark 
Airport nor La Guardia Field is situated too 
close to congested areas for safety. Until three 
months ago, no aircraft had ever fallen in 
Elizabeth. And there had never been a fatal 
commercial accident at Newark. The Port 
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Authority points out that sixty-two of the 
100 major commercial airports in the 
country have runways which are closer to 
congested areas than those of Newark are to 
Elizabeth. Yet crashes in these areas are 
exceedingly rare. The White House is about 
the same distance from Washington National 
Airport as the centre of Elizabeth is from 
Newark. Mr. Joseph O. Fluet, the chief 
investigator of the Civil Aeronautics Board 
has said that the Newark-Elizabeth accidents 
were “‘ one of the rarest coincidences in com- 
mercial aviation.” 

As. to whether the accidents might 
have been avoided if the airport had 
not been close to the city, the answer 
apparently is: No on the first crash, unknown 
on the second, and perhaps on the third. The 
investigation of the first crash has indicated 
that the aircraft developed an engine fire 
which ate its way back into the right wing. 
When the wing buckled, the aircraft ceased 
to be airworthy. Even if the pilot had been 
over a desert, the chances are that he would 
have crashed. The investigation of the 
second crash is still in progress, and little 
information has been established. The 
“DC-6” disaster appears to have been a 
mechanical failure. The Civil Aeronautics 
Board regulates the weight of an aircraft, its 
speed and its rate of climb so that if one 
engine should fail at the critical time, the 
aircraft will still be able to become airborne, 
clear an imaginary fifty-foot obstacle at the 
end of the runway and continue climbing at 
a specified minimum rate, which is enough 
to clear all surrounding obstacles by a mini- 
mum of 300ft. Investigation of the remains 
of the ‘“‘ DC-6 ” has indicated, however, that 
the pilot lost the use of one engine on the 
right side and that, immediately afterwards, 
the second one went into reverse—possibly 
as the result of a short circuit. The loss of 
two engines on the same side probably forced 
the aircraft into a stall over Elizabeth, but 
the pilot retained some control. Many 
observers feel that if the “ DC-6” had 
developed engine trouble over open country, 
the pilot might have been able to pancake 
down and bring his passengers to safety. On 
the question of removing airports from con- 
gested areas, officials of the Civil Aeronautics 
Administration and of air transit bodies 
maintain that, for one thing, it would throw 
the country’s whole network of commercial 
and military aviation out of gear. Most of 
the 100 important airfields would have to be 
moved. Secondly, the cost would be pro- 
hibitive. Newark alone represents an invest- 
ment of 52,000,000 dollars. Idlewild, so far, 
has cost more than 100,000,000 dollars. 
And finally, even if airports could be moved, 
it would not solve the safety problem. 
Although the Civil Aeronautics Board regu- 
lates aircraft, pilots and flying conditions to 
ensure maximum safety, it cannot completely 
eliminate mechanical errors or errors of 
judgment—and such errors can bring disaster 
no matter where the aircraft is flying. 





American Engineering News 
(By our American Correspondent) 
Deepening the Hudson River Channel 


The U.S. Army Corps of Engineers has 
approved a project for deepening the Hudson 
River channel between New York City and 
Albany to 32ft, a depth sufficient to accommo- 
date merchant shipping constructed during the 
last war. The present channel is 27ft deep. 
The cost of deepening the channel has been 
estimated at 26,700,000 dollars. The Army 
report also recommended a minimum channel 
width of 600ft from New York City to Kings- 
ton and of 400ft from Kingston to Albany, with 
additional widening at bends in the river. The 
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project also calls for the construction of 4 
turning basin at the upper end of the channel 
and two anchorages. The cost of deepening the 
channel originally to 27ft was 11,200,000 
dollars. The increased cost of deepening to a 
$2ft channel is attributed to inflation and to the 
fact that the work involves cutting into a con- 
siderable amount of rock. 


A Six-Bladed Ship Propeller 

The accompanying illustration shows 
a six-bladed solid manganese bronze propeller 
which was installed recently on the 8.8. 
“* Megalohari ” by the Maryland Drydock Com- 
pany, Baltimore. The ‘“ Megalohari,” an 
EC-2 “ Liberty ” cargo ship, is owned by John 
Theodoracopulos and operated by the National 
Shipping and Trading Corporation. The pro- 
peller was built by the Baldwin-Lima-Hamilton 
Corporation, of Philadelphia, and is believed to 
be the first of its kind to be placed in service on 
an ocean-going vessel. Approximately 18ft in 


Stx-BLADED SHIP PROPELLER 


diameter and weighing in excess of 18,000 lb, 
the propeller was designed by Dr. Frederick H. 
Todd, chief naval architect of the David Taylor 
Model Basin of the U.S. Navy at Washington, 
D.C., and is based on work by Eugene P. 
Panagopulos, a consulting marine engineer, of 
New York. The overall performance of the 
propeller is expected to be superior to the 
present four-bladed modified designs now in 
service on ‘“‘ Liberty ’’ ships. The calculations 
on which the six-bladed design is based indicate 
that the propeller will go far toward eliminating 
tailshaft failures on this class of ships. 


Turbines and Generators for the Eklutna 
Project 

Contracts have now been placed for 
turbines and generators for the Eklutna hydro- 
electric plant, which is under construction in 
Alaska by the U.S. Bureau of Reclamation. 
The Pacific Oerlikon Company, of Tacoma, 
Washington, has received the contract for 
furnishing and installing two 15MW generators. 
The Newport News Shipbuilding and Dry Dock 





452 


Company, of Newport News, Virginia, has 
received the contract for furnishing two 
25,000 h.p. hydraulic turbines for the Eklutna 
plant. The Pacific Oerlikon Company is the 
American representative of the Oerlikon Engi- 
neering Company, of Zurich, and the generators 
will be manufactured in Switzerland and will 
be installed in the Eklutna power station by an 
Alaskan firm acting as sub-contractors for the 
Pacific Oerlikon Company. The following six 
tenders for the generators were received by the 
Bureau of Reclamation :—Pacific Oerlikon Com- 
pany, 639,004-80 dollars; English Electric 
Company, Ltd., 692,569-81 dollars; Elliott Com- 
pany, 801,897-62 dollars ; Westinghouse Elec- 
tric Corporation, 829,253-99 dollars; ~ Allis- 
Chalmers Manufacturing Company, 898,477-16 
dollars; and General Electric Company 
(U.S.A.}, 902,398-11 dollars. These figures 
include the actual amount of the tender as well 
as the cost of spare parts, transport and 
inspection, and in the case of the foreign sup- 
pliers, a 25 per cent differential in accordance 
with the “‘ Buy American” Act of March 3, 
1933, and a 15 per cent import duty. The 
chief engineer of the Bureau of Reclamation 
recommended the award of the contract to the 
Oerlikon Company and the Commissioner of 
Reclamation endorsed and supported this re- 
commendation. At-a hearing held by the 
Under-Secretary of the Interior protests were 
heard from the Elliott Company and the 
National Association of Electrical Manufac- 
turers, but the contract was nevertheless 
approved by the Under-Secretary. 

The Newport News Company submitted a 
tender for the hydraulic turbines involving a total 
amount for comparison purposes of 347,238-68 
dollars. A lower tender was received from 
the English Electric Company, Ltd., of 324,775 
dollars, including the 25 per cent foreign bid 
differential, import duty of 35,200 dollars and 
15,700 dollars for freight. However, it has been 
stated officially that the British company did 
not offer delivery in strict accordance with the 
desired schedule and was unable to grant an 
extension of time for consideration of its 
tender because of new contractual obligations 
for other hydraulic turbines. Consequently, the 
turbine award went to the Newport News 
Shipbuilding and Dry Dock Company on the 
recommendation of the chief engineer of the 
Bureau. 


The Chalmette Aluminium Reduction Works’ 
Louisi 


The reduction works of the Kaiser 
Aluminum and Chemical Corporation at Chal- 
mette, on the Mississippi River in Louisiana, is 
the first plant for the reduction of aluminium 
metal tocommence operations within the current 
plan of the United States Government for the 
expansion of the American aluminium pro- 
duction facilities. The first two lines of electro- 
lytic reduction cells are now completed, and the 
first aluminium was poured in December of last 
year, ‘less than ten months after construction 
of the works was started. Ultimately, the plant 
is to comprise eight lines containing a total of 
1152 electrolytic reduction cells, and is expected 
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to produce 400,000,000 Ib of aluminium per 
annum. 

Eventually, there will be sixteen ‘‘ potroom ” 
buildings, each being 960ft long by 59ft wide, 
and containing seventy-two Soderberg electro- 
lytic cells which, individually, produce alu- 
minium at a rate of 40 Ib per hour. A “metal 
service” building connects the bases of the 
potrooms and provides facilities for the pouring, 
storage and despatch of pigs weighing up ‘to 
1000 lb. This building is 1650 ft long and is 
60 ft wide for most of its length ; at one end the 
width is more than doubled to house holding 
furnaces for molten metal and casting equipment. 

Because of the abundance of natural gas 
fuel in Southern Louisiana, it was decided to 
employ batteries of radial gas engine-generator 
units to produce the power required for the 
initial two lines of reduction cells. Altogether 
there are eighty engine-generator units which 
were manufactured by the Nordberg Manufac- 
turing Company, of Milwaukee, Winsconsin. 
Each of the spark-fired radial engines has eleven 
cylinders of 14in diameter by 16in stroke, 
develops 1820 H.P. at 400 r.p.m., and drives a 
d.c. generator having a capacity of 1290 kW at 
700V. The cylinders of the engine are equally 
spaced in a horizontal plane radially around a 
vertical shaft and fire in consecutive order. The 
compact cylinder arrangement reduces engine 
floor space requirements considerably, and also 
permitted the engines to be transported as a 
complete unit from the works of the makers to 
the installation site. A detailed, illustrated 
description of the Nordberg radial engine 
appeared in THE ENGINEER of September 22, 
1950, as part of an article on the Point Comfort 
Aluminium Reduction Works of the Aluminum 
Company of America. The engines at the 
Chalmette works are divided into two groups 
of forty each and are housed in two steel-frame 
buildings covered with corrugated aluminium. 
Each engine building is 482ft long, 55ft wide and 
58ft high. The accompanying illustration shows 
one of the two engine buildings. Each d.c. 
generator is mounted immediately below the 
engine and is directly connected to it. Each 
engine-generator unit has its own control 
cubicle, including starting relays, engine instru- 
ments and protection equipment. The pro- 
tective equipment shuts off the engine auto- 
matically in the event of high water, high 
exhaust or high generator temperatures, low 
oil pressure or loss of auxiliary power. In addi- 
tion to these unit control cubicles, a two-storey 
control house is situated between the two engine 
buildings. From this point, the overall opera- 
tion of the engine-generator units can be 
observed and the load governed as required. 
Normally, thirty-seven engines in each building 
will be in operation and three will be considered 
standby units. The engines are started elec- 
trically, using the main generator as a motor 
until the set reaches a speed which allows the 
engine to fire and take over. An operator at 
the engine control cubicle starts the set, 
parallels it with the running machines o1 the 
bus feeding the electrolytic cell line and then 
transfers voltage control to a master control 


panel. 
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French Engineering News 
(By our French Correspondent) 


A thermal electric power station has recent}, 
been brought into operation at Awirs. It ha 
two 50MW turbo-alternator sets with ty, 
120/130 t/h furnaces using pulverised Qj 
Brown Boveri turbines have been installed 
and the plant also includes two 10-5/70ky 
60MVA transformers. 

* a * 


Details of the Mont Blanc tunnel which hay, 
been released state that the tunnel wij] be 
12km long and 6m wide, permitting two lings 
of traffic only, and will be 4m 75 high. Venjj. 
lators will be installed under the roadway anq 
above the roof to draw in fresh air and evacuat, 
used air. The work will start this summe 
it is stated, and will take about four ycars 
complete. 

* * * 

A serious loss to the French heavy industries 
is the closing of the Aciéries du Nord. hg 
company recently announced it could not meet 
its commitments. One reason for this turn of 
affairs is the post-war policy of the French 
Railways, with its limited expenditure and 
with railway workshops taking over much of 
the reconstruction and repair work which was 
formerly carried out by private companies, 
The Aciéries re-equipped several of its works 
for the production of heavy lorries and tractors, 
but evidently this measure was insufiicient, 
Some of the company’s works are still in opera. 
tion, and it was hoped that despite the present 
situation, mass dismissals of workers would 
be avoided. But this does not appear to be 
the case, and notice has been given to a con. 
siderable number of workers. 

The closing of the Aciéries factories has 
given rise to criticism about the purchase 
of American tractors by the French Govern. 
ment. It was recently announced that the 
Mutual Security Administration had granted 
France 205 million francs for the purchase of 
American tractors. 

* * * 

Although the electrification of the Paris- 
Lyon line will be completed by June, it is not 
expected that the Lyon—Marseille section will 
be ready for many years, owing to the S.N.C.F. 
policy of concentrating, for the moment, on 
the experiments with single-phase a.c. power 
supply now being carried out at Aix les Bains. 
The results of these experiments have been 
pronounced excellent, and it is possible that 
single-phase lines will be installed on the 
Thionville-Valenciennes section. As_ labour 
and materials will be directed to this work, it 
is possible that the completion of the Paris- 
Marseille line will be held up. It is too early 
yet to say whether the 8.N.C.F. will contem- 
plate converting all its electric lines to single- 
phase supply, but it is reported that the 
economy is so appreciable that it is almost 
certain that new lines will employ this system, 

* * ~ 


Electricité de France has published a pro- 
visional report on its activities in 1951. Hydro- 
electric production amounted to 21,160 million 
kWh, against 16,250 million in 1950. The 
report says that hydro-electric generation 
during the year was particularly satisfactory 
and that from the point of view of rainfall the 
year was as good as that in 1938, being 15 per 
cent above average in the Alps, 18 per cent in 
the Pyrenees, 26 per cent in the Massif Central, 
and 18 per cent over the whole of France. 
Hydro-electric plant installed during 1951 
enabled the E.D.F. to increase production by 
about 1900 million kWh. Thermal capacity 
is given as 6600MW installed. The consumption 
of power in France in 1951 totalled 37,900 
million kWh. It is pointed out in the report 
that 1950 and 1951 have been the only two 
years since the war in which the full demand 
for power has been met. There was an increase 
in consumption of 13-5 per cent in 1951 over 
1950, which is considered very high for so short 
a period. Consumption was no less than 80 per 
cent above that of 1938, which. gives an idea 
of how power supply facilities have developed 
over the past thirteen years. 








8, 1959 


lews 


' Tecently 
- It 

rith two 
ed Coal 
installed 
*5/70kY, 


ich have 

Will be 
wo lines 
Venti. 
way and 
VAacuate 
summer 
Yoars to 


Custrieg 
d. The 
ot meet 
turn of 
French 
ire and 
nuch of 
ich was 
1panies, 
} Works 
ractors, 
ficient, 
_ Opera. 
present 
would 
to be 


& con- 


PS has 
irchage 
overn- 
at the 
ranted 
ase of 


Paris~ 
is not 
n will 
N.C.F, 
it, on 
power 
Bains. 
been 
. that 
1 the 
abour 
rk, it 
 aris— 
early 
item- 
ingle- 
the 
most 
stem | 


dea 


March 28, 1952 


THE ENGINEER 


453 


Industrial and Labour Notes 


Britain’s Overseas Trade 


The final figures concerning this 
country’s overseas trade during February 
were published at the end of last week by the 
Board of Trade. They show that exports of 
United Kingdom goods reached a value of 
227,900,000, which was 9 per cent lower than 
in January, but about the same as the monthly 
average in the fourth quarter of last year. If 
allowance is made for the shorter working 
month, the Board says that the daily rate of 
export was only a little below that of the pre- 

ing month and was about 3 per cent 
higher than the average for the fourth quarter 
of 1951. The volume of exports in January 
and February together has been estimated as 
nearly 5 per cent above the average for the 
fourth quarter of last year. 

Again making allowance for the shorter 
working month of February, the Board of 
Trade says that most groups of metals and 
engineering products maintained the high rate 
of export achieved in January. Exports of 
non-ferrous metals, however, returned to a 
more normal level, and exports of vehicles— 
valued at £41,800,000—declined to less than 
the average monthly rate in the final quarter 
of 1951. If January and February are taken 
together, the level of exports of all vehicles, 
other than ships and boats, was slighty higher 
than in the fourth quarter of 1951, the lower 
figures for February being more than offset by 
the high exports in January. Exports of ships 
and boats in February, valued at £1,800,000, 
were very low compared with the monthly 
average of £5,000,000 achieved in the last 
quarter of 1951, and with £4,200,000 in January. 
February exports of machinery were valued at 
£36,000,000, and, as a whole, the high rate of 
January was maintained. ‘Taking the indi- 
vidual machinery classes, exports of electrical 
machinery were again high, the average for 
January and February being 9 per cent above 
last year’s fourth quarter average. But the 
rates of export of agricultural machinery and 
internal combustion engines, both of which 
were high in January, declined during Feb- 
ruary. Among the remaining groups of metals 
and engineering products, iron and _ steel 
manufactures and electrical goods both .in- 
creased their rate of export by 4 per cent com- 
pared with January, and were about 13 per 
cent higher than in the last quarter of 1951. 

Imports into the United Kingdom in Feb- 
ruary were valued at £269,900,000, which was 
£60,200,000 below the January figure. The 
Board of Trade says about this that, although 
February imports are normally much lower than 
those for January, the fall this year does reflect 
to some extent the import restrictions now 
being imposed. The decline in February, it is 
stated, was largely attributable to the fall of 
£37,000,000 in the value of raw materials 
imported. . » 


Rail Shopmen’s Pay Increase 


It was announced last week that the 
Industrial Court had ruled that 120,000 engi- 
neering workers in railway shops should 
receive a wage increase of 8 per cent, which is 
about 9s. 6d. a week. The award has been 
made retrospective to September 3, 1951, the 
cost to the Railway Executive having been put 
at £1,500,000 now and £3,000,000 in a full year. 

It will be recalled that early in February 
the Industrial Court was asked to intervene in 
& dispute which had arisen over the settlement 
of this claim between the National Union of 
Railwaymen and the Confederation of Ship- 
building and Engineering Unions. The N.U.R. 
represents about 85,000 of the workers con- 
cerned and the Confederation the remainder. 
The Railway Executive had already offered 
the increase of 8 per cent, and the N.U.R. was 
willing to accept it. The Confederation, on the 


other hand, was anxious to persist with a 
demand for a gencral increase of 11s. a week, 
am amount equal to that granted last year to 
members of its affiliated unions working in 
other sections of the engineering industry. 


Employment in Railway Workshops 


An adjournment debate in the House 
of Commons last Friday dealt with the subject 
of employment in railway workshops in this 
country. The matter was raised by Major 
Sydney Markham, who referred in particular 
to Wolverton, which, he said, for 100 years had 
been famous in the realm of railway construc- 
tion. Major Markham said that he had been 
shocked to hear from the chairman of the 
British Transport Commission that railway 
carriage construction was to be suspended 
completely for the rest of the year and that there 
would be a considerable setback in wagon con- 
struction. That would mean the dismissal 
before next July of 300 or 400 men from the 
Wolverton carriage works and probably another 
500 from Eastleigh, not to mention some 
thousands of men up and down the country. 
Major Markham went on to say that he had 
asked whether it was not possible, rather than 
dismiss those men, for the railway workshops 
to take on work for the re-armament drive. 
Again, however, he had been astonished to 
find a section in the Transport Act, 1947, which 
forbade the British Transport Commission to 
“* construct, manufacture or otherwise produce ” 
anything which was not required for the pur- 
poses of its undertaking. 

The Parliamentary Secretary to the Ministry 
of Transport, Mr. Gurney Braithwaite, replied 
to the questions submitted during the debate. 
He explained, first of all, that the Minister of 
Transport endorsed the policy under which 
carriage construction had been temporarily 
suspended in order to give priority to track and 
wagons and thus concentrate on railway safety 
and efficiency. Track was still below pre-war 
standards, and there were still about 100,000 
over-agé wagons, representing 10 per cent of 
the total fleet in operation. Both those factors 
seriously affected the efficiency of railway 
working at a time when a higher volume of 
freight was being carried than ever in peace- 
time. Mr. Braithwaite went on to say that it 
was, of course, impossible to shut down com- 
pletely all locomotive construction, but a serious 
reduction had already been made there. There 
was a limited field for retrenchment in civil 
engineering, but that, again, had already been 
reduced to little more than the reconditioning 
of structures necessary for safety. In that 
process of elimination, the harsh fact was that 
the only point where the necessary cut could 
be borne without loss of operational efficiency 
was the carriage construction programme. Mr. 
Braithwaite emphasised that the railways 
were most reluctant to lose their skilled staffs 
and were doing all they could, by the allocation 
of repair work and other means, to keep them 
usefully employed. Even so, by the end of 
February, 1274 carriage building staff had been 
affected, together with 509 from the wagon 
shops which were cutting down output. As a 
temporary expedient, work on repairs had been 
found for 677; another 131 had been tempo- 
rarily transferred to other departments, and 
580 had found temporary work or had retired. 
But during the next six months it was calcu- 
lated that 1720 additional staff engaged on 
carriage building and 170 engaged on wagon 
building would become redundant. Finally, 
Mr. Braithwaite said that the Minister of 
Supply was fully aware of the potential re- 
sources available in railway workshops and 
was already in touch with officers of the Rail- 
way Executive. As an example, there could be 
mentioned work already being done in the 
Horwich locomotive shops. The Ministry of 


Supply’s policy was to use the capacity of the 
railway workshops for re-armament work, 
where suitable, and where it was necessary to 
supplement existing industrial capacity. 


D.S.LR. Information Services 


The Department of Scientific and 
Industrial Research has stated that its head- 
quarters technical information service has now 
been merged with the Technical Information 
and Documents Unit (T.I.D.U.). The amalga- 
mated service retains the title T.I.D.U. and is 
housed at Cunard Building, 15, Regent Street, 
London, 8.W.1 (telephone, Whitehall 9788). 
The unit holds the German industrial docu- 
ments which were brought back to this country 
after the war, and it issues summaries of the 
unpublished reports which it receives from 
British and American sources. 

The unit maintains a technical inquiry 
service and is the British centre for an inter- 
national “‘ questions and answers” scheme. 
This scheme has been organised to provide 
information about industrial techniques in the 
U.S.A., Canada, France, Germany, Ireland, 
Sweden, and the United Kingdom, and it is 
hoped that it will help to eliminate unnecessary 
delay and expense in the development of pro- 
duction processes. The unit has a reading 
room at Cunard Building, which is open during 
normal office hours on weekdays. 


Employment of Older Men and Women 


The Ministry of Labour has published 
a memorandum dealing with the employment 
of older men and women, and directing atten- 
tion to the economic and social effects of the 
increasing proportion of older people in the 
population. _ Pointing out that, in present 
circumstances, the encouragement of the 
employment of the elderly is a pressing necessity, 
the memorandum outlines the Government’s 
policy on the matter, and refers to special 
arrangements needed for assisting elderly 
people into employment. 

The Minister of Labour, Sir Walter Monckton, 
Q.C., has contributed a foreword to the memo- 
randum. In it, he says that the possibilities 
of employing older people are now being studied 
in industry and in the universities in this 
country and abroad, interest in the subject 
having been greatly stimulated by the shortage 
of labour. The immediate co-operation is 
needed, the Minister says, of employers, trade 
unions and public workers of all kinds, for 
“their experiments and experience, their diffi- 
culties and successes, will point the way to 
further developments.” 


Supervisory Training 
The Institute of Industrial Super- 
visors has recently held a successful week-end 
residential training course for supervisors, 
the main subject being ‘‘The Practice of 
Management.” ‘The course was attended by 
fifty senior supervisors from seventeen dif- 
ferent firms—several of them being engineering 
firms. Mr. D. H. Bramley, of the Department 
of Industrial Administration, Birmingham Col- 
lege of Technology, conducted the course. 
ing the five lecture sessions he dealt with 
the job of management, the problems of rela- 
tionship within the organisation, the personal 
methods in managing others, the theory of 
organisation, delegation and responsibility, 
the span of control at varying levels of manage- 
ment, the influence of the manager in promoting 
harmonious working conditions, and matching 
jobs to ability and ensuring satisfaction in 
work. 

A further course is to be held from May 

2nd to 4th on “‘ Work Study.” 





Rail and Road 


Street Licutinec CONFERENCE.—The Electric 
Lamp Manufacturers’ Association is arranging a 
half-day conference at the Midland Hotel, New 
Street, Birmingham, on Wednesday next, April 
2nd. It will begin at 2 p.m. with a paper by Mr. 
E. B. Sawyer on “ The Economics and Practice 
of Modern Electric Street Lighting.”” A paper will 
be presented by Mr. F. Jamieson on “ Electric 
Lamps,” and following discussion of both papers, 
there is to be a display of films dealing with street 
lighting practice. x 

Tue Late Mr, J. H. Battey.—We have learned 
with regret of the death, on March 6th, of Mr. J. H. 
Bailey, A.M,.I.C.E., who, until his retirement in 1931, 
was an assistant to the civil engineer of the former 
London and North-Eastern Railway. Mr. Bailey 
was eighty-five, and began his railway service with 
the old Lancashire and Yorkshire Company as 
assistant to the resident engineer on the construc- 
tion of Horwich locomotive works and the rebuilding 
of Liverpool Exchange station. He joined the 
former Great Northern Railway in 1892, and at 
the railway grouping in 1923 became chief drawing- 
office assistant in the civil engineer’s department of 
the L.N.E.R. 

LANCASHIRE Roap Pxian.—A booklet entitled 
New Roads for Lancashire, has been published by 
the British Road Federation, Ltd., Bloomsbury 
Square, London. It contains a road plan for the 
county by the county surveyor, by which it is 
hoped to reduce the traffic congestion. Statistics 
are included which indicate that road congestion 
is worse than anywhere else except the Greater 
London area, and that road casualties within the 
county—two per each mile of public road—are 
over twice those for British roads as a whole. One 
part of the plan concerns that section of the new 
north-south motorway which would by-pass 
Lancaster, Preston, Warrington and certain other 
congested areas. The road plan is spread over a 
period of thirty years, and is estimated to cost £90 
million. The booklet explains that at the present 
level of motor taxation (£250 million in 1951-52), 
this sum is modest. It has been calculated that a 
modernised road system can effect savings of 40 per 

cent in fuel and lubricant costs, 15 per cent in tyre 
costs, 10 per cent in vehicle repair and maintenance 
costs, apart from savings in time. Road accidents, 
which are estimated to cost the country at least 
£120 million a year, or £226 per accident, would be 
much reduced. The booklet maintains that the 
use of a new type of construction involving mecha- 
nical methods could enable major projects to be 
carried out with a very small labour force,and with 
equipment already available. 


Air and Water 


M.V. “ Auris.”—The M.V. “ Auris,” belonging 
to the Anglo-Saxon Petroleum Company, Ltd., has 
recently completed a voyage to During the 
Atlantic crossing, which took twenty-three days 
the ship was driven solely by power generated by 
the gas-turbine-driven alternator at a speed slightly 
in excess of 7 knots. The gas turbine ran con- 
tinuously for 543 hours, and during that time used 
boiler fuel of 1300 seconds Redwood No. 1 at 
100 deg. Fah. 

Turn Rounp or Sarepmnc.—At the London 
congress, held in June last year, of the Federation 
of Chambers of Commerce of the British Empire, 
concern was expressed at deterioratiqn in the 
efficiency of the services available in many Common- 
wealth and Empire ports, and member chambers 
were asked to investigate the causes and find ways 
to remove them. Interim reports from many 
chambers indicate that the problem is being treated 
as a matter of the first importance and that already 
improvements have been effected. 


Tue Late Me. Taomas McMurray.—We record 
with regret the death on March 11th of Mr. Thomas 
McMurray, a director and London representative 
of Wm. Simons and Co., Ltd., shipbuilders and 
engineers, London Works, Renfrew. Mr. McMurray, 
who was in his eightieth year, was born in Renfrew 
and served his apprenticeship with the company, 
becoming its London representative in 1906, and 
eight years later he was appointed a director. He 
was @ specialist in harbour and river i 
problems, and his knowledge was appreciated by 
many engineering consuJtants, the Admiralty and 
the ports and harbours authorities. 

January Arr TRANSPORT.—Air transport move- 
ments at United Kingdom airports during January, 
1952, totalled 10,837, an increase of 9 per cent over 
the figure for January, 1951; 132,395 passengers 
used these airports, an increase of 28-1 per cent. 
Freight on and off-loaded amounted to 3144-2 
short tons, 38-3 per cent more than in January, 
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1951. At London Airport, 2513 air transport move- 
ments and 46,524 passengers were handled, whilst 
Northolt had 2787 air transport movements and 
37,172 passengers. Other airports showing greatly 
increased mger handling over January, 1951, 
were Prestwick with 7599 passengers, Belfast with 
6311, Manchester with 4965 (49-8 per cent increase), 
Liverpool (Speke) with 3459, and Isle of Man 
(Ronaldsway) with 3008. Guernsey Airport handled 
3454 passengers, 37:5 per cent more than in 
January, 1951. 


Miscellanea 


Tue Late Mr. E. W. Harris.—We t to 
learn of the death of Mr. Eric William Harris, which 
occurred suddenly at Biggleswade on March 18th. 
Mr. Harris, who was in his fifty-first year, had been 
works r of the tool division of Weatherley 
Oil Gear, Ltd., for the past five years. 

InstTITuUTE oF British FounpryMeN.—The 
London branch of the Institute of British Foundry- 
men is organising a visit to Paris, which will extend 
from Friday, June 27th, to Tuesday, July Ist. The 
programme will include visits to the: research 
laboratories of the Centre Technique des Industries 
de la Fonderie and to one or two foundries in the 
Paris area. Full particulars of the tour can be 
obtained from Mr. Parkes, 49, Wellington Street, 
London, W.C.2. 

Royat Mint Apvisory Commirree.—H.R.H. 
The Duke of Edinburgh has accepted the invitation 
of the Chancellor of the Exchequer, as Master of 
the Royal Mint, to become President of the Royal 
Mint advisory committee on the design of seals, 
coins and medals. 

Tue InstiTuTION oF PropucTION ENGINEERS.— 
The Council of the Institution of Production Engi- 
neers announces that the Technical Reference 
Committee of the Burnham Committee has now 
defined the conditions under which associate 
membership of the Institution can be accepted as a 
graduate qualification for salary purposes. 


Empire MINING AND METALLURGICAL CONGRESS. 
—The fifth Empire Mining and Metallurgical 
Congress is to be held in Australia from April 12 
to May 23, 1953. The local a ments are in the 

hands of the Australasian Institution of Mining and 
Metallurgy. A preliminary programme has now 
been prepared and particulars concerning it can be 
obtained from the Fifth Empire Mining and Metal- 
lurgical Congress, borne House, 399, Little 
Collins Street, Melbourne, Australia. 

Brusu-Lsunestrom TuRBo-GENERATORS.—The 
principles and construction of the Brush-Ljung- 
strom turbo-generators are described in a 33-page 
booklet (Publication No. 61003), published by the 
Brush Electrical Engineering Company, Ltd., 
Loughborough, England. Details of these radial- 
flow turbines (which are characterised by double 
rotation of the blading elements) are shown in the 
numerous illustrations which include a cross section 
drawing through a 30MW, 3000 r.p.m. set. 

OVERHEAD TRANSMISSION LINES FROM BEAULY 
to INvERsHIN.—The Secretary of State for Scotland 
has confirmed a scheme prepared by the North of 
Scotland Hydro-Electric Board for the erection of 
overhead transmission lines from Beauly in 
Inverness-shire to a new transforming station to be 
erected at Linsidecroy, near Invershin, in Suther- 
land. The scheme is estimated to cost £552,000. 
A White Paper on the scheme has been published 
and is available from H.M. Stationery Office, 13a, 
Castle Street, Edinburgh, or through any bookseller, 
price 2d. 

Nationat Dretoma IN AGRICULTURAL ENGI- 
NEERING.—An examination for the National 
Diploma in Agricultural Engineering will be held 
at the Essex Institute of Agriculture, Writtle, near 
Chelmsford, on Tuesday, September 16th, and 
following days. Application forms for permission 
to sit for the examination may be obtained, from 
May Ist, from the Secretary, Institution of British | 
Agricultural Engineers, 24, Portland Place, London, 
W.1, from whom also particulars of the examina- 
tion are available. Completed applications must be 
returned by July 19th. 


InForMATION SERVICES AND InpDuUsTRY.—Last 
week there was held in London a conference to 
discuss information services and industry. It was 
organised jointly by the industrial research com- 
mittee of the Federation of British Industries and 
Aslib. The main purpose of the conference was to 
study measures to avoid the waste of time and 
money in all branches of industry thro ignorance 
of facts already established and published. The 
— included Sir Alfred Egerton, F.R.S., of 
the Imperial College of Science and Technology, 
who made a general survey of information services 


in industry; Dr, J. H. Chesters, of United Ste} 
Companies, Ltd., and Dr. J. Farquharson, o 
Beecham Research Laboratories, Ltd., wiio dealt 
with the practical value of an information Servigg 
and Mr. L. Wilson, whose subject was * Aslib’, 
Service to Industry.’ 

Cement SurpLigs IN NortHern Ire! «np, 
new kiln is to be installed at the Associated Portland 
Cement Manufacturers’ Magheramorne Wor, 
(County Antrim) which, with existing capacity 
will provide about 90 per cent of Northern ‘reland, 
total. cement requirements. The new kil: wil} }. 
installed in about a year. The output at Magherg. 
morne in 1951 (an average year) was 165,000 tons, 
while the requirements of Northern Ireland ay 
about 300,000 tons a year. The new ln yjj 
ensure that Northern Ireland will no longer be gp 
dependent on seaborne supplies. There will algo 
be increased storage capacity at Magheramorne, 


Heavy Cuemicats Propvuotiviry Tram—j 
team representing the British heavy chemicals 
industry has left for the U.S.A. to study the level 
of productivity attained in the equivalent American 
industry. The arrangements for the visit have been 
made by the Anglo-American Council on Prodye. 
tivity. Visits will be paid to chemical manufac. 
turing plants, mainly in the Southern States, and 
the team has also been invited to attend the con. 
vention of the American Institute of Chemical 
Engineers. Mr. J. Grange Moore, deputy works 
manager of the general chemicals division of Imperial 
Chemical Industries, Ltd., Widnes, is the leader of 
the team. 

Mosaic Dracrams.—The “ Standard” Mosaic 
Di is designed and made by Standard Tele. 
phones and Cables, Ltd., to meet the demand for 
a simple flexible control room indication diagram 
which can easily be expanded or re-arranged to 
suit network changes. The system is described in 
an illustrated brochure “ Mosaic Diagrams by Stan. 
dard,”’ published by the manufacturers at Connaught 
House, Aldwych, London, W.C.2. The diagram , 
consists, briefly, of a frame supporting the base or 
bricks on which all the apparatus is mounted, and 
which carries the diagram background consisting of 
a thin layer of lin square tiles. 


Personal and Business 


Mr. H. J. Nrxon has been appointed works 
director of Alvis, Ltd., Coventry. 

Mr. R. Parerson has been appointed Irish 
traffic superintendent, British Railways (London, 
Midland? Scottish and Western Regions). 

Mr. A. E. Sxan, a director of George Ellison, 
Ltd., and Tufnol, Ltd., has been elected vice- 
chairman of the British Plastics Federation. 

Lonpon TRANSPORT announces the appointment 
of Mr. A. W. Manser, A.M.I.Mech.E., M.I.Loco.E., 
as Chief Mechanical Engineer (Railways). Since 
1947, Mr. Manser has been istant hanical 
engineer. 

Ricwarp Sutcuirre, Ltd., Horbury, Wakefield, 
announces the following appointments :—Mr. J. 8. 
Exley, Continental representative ; Mr. V. Quaint- 
nell, chief buyer, and Mr. P. Woodward, publicity 
manager. 

Mr. W. C. SHELTON has recently retired from the 
position of senior sales and technical representative 
of the Hoyt Metal Company of Great Britain, Ltd., 
Putney, London, 8.W.15. He has spent thirty-six 
years in the company’s service. 

Tae Brusx-A.B.0.%. group announces the 
formation of a new company, to be known as the 
Associated British Oil Engines (Marine), Ltd., which 
will handle the sales of McLaren, Mirrlees, National 
and Widdop engines for marine purposes. 

Mr. A. J. Hasetroor has been appointed chief 
design engineer of Asea Electric, Ltd., and Fuller 
Electrical and Manufacturing Company, Ltd., 
Walthamstow, London, E.17, in succession to Dr. 
P. E. Hammarlund,: who is leaving to take up an 
appointment with ASEA in Sweden. 

Tue Minister or Transport has made the 
following highwa: a PE ring appointments :— 
Mr. A. K, Richards, M.L.C.E., divisional road engi- 
neer, Eastern Division, in succession to Mr. T. G. 
Newcomen, M.I.C.E., M.Inst.T., who is retiring ; 
Mr. T. E. Hutton, B.Sc., A.M.I.C.E., an assistant 
chief engineer at headquarters; Mr. H. 8. Keep, 
M.C., B.Sc. (Eng.), M.I.C.E., A.C.G.1., divisional 
road engineer for the South-Eastern Division, in 
succession to Mr. J. Rowland Hill, M.I.C.E., who 
is retiring; Mr. J. S. McNeil, B.Sc., A.M.I.C.E., 
A.M.1.Mun.E., divisional road engineer for the 
North-Western Division, in succession to Mr. A. H. 
Dodd, B.Eng., A.M.I.C.E., who is retiring. 
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British Patent Specifications 


ope Oe Daan 15, fouthngten Buildings, Chancery 
Lane, W.C.2, 2s. each, 
INTERNAL COMBUSTION ENGINES 


667,458. May 22, 1950.—ConnErctinc-Rop 
AsseMBLIES, Sulzer Freres, Société Anonyme, 
of Winterthur, Switzerland. 

As shown in the drawings, a connecting-rod A has 

a big end B consisting of two forked parts, only one 

of which is shown. It is adapted to receive the big 

end C of an inner connecting-rod between its forked 

s. One end of the base of the recess between 
the forked parts is deeply inset into the connecting- 
rod, as shown at D, in order to permit the proper 
articulation of the inner connecting-rod relative 
to it. At its other end £# the base of the recess is 
shallower and a web or wall F is formed between 
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the forked parts. This web has the effect of reducing 
or eliminating the spreading of the forked parts 
when the corinecting-rod is under load. Two 
external shoulder formations G on the side of the 
forked big end may be used for making connections 
with oil supply pipes, or alternatively for an 
auxiliary drive, such as a scavenging air pump. They 
also strengthen the connecting wall. The shoulders 
as shown are integral with the big end, but they 
may be made separately and secured by screwed 
fastenings or by welds.—February 27, 1952. 


WORKSHOP TOOLS AND APPLIANCES 


666,165. March 28, 1949.—Ctampine Devices, 
William Brown, 42, Woodland Street, Smeth- 
wick, Stafford. 

This invention relates to a clamping device 
for securing together building planks and steel 
scaffolding. As shown in the lower view, the 
clamp is used for securing two planks together, 
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No. 666,165. 


with a space between them, One clamping mem- 
ber A comprises a flat plate ribbed and bossed, 
and the other member B is also a flat plate, with 
an integral projection C. In the projection there 
is formed a circular cavity D, which houses a cam 
member HZ and one end of a tension bar F, which is 
secured at its lower end by a nut and shoulder to 
the clamping member A. © object of the cavity 
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is to provide protection for the cam and its operat- 
ing arm G when in the locked position. At one 
side of the cavity is a radial channel H for the 
passage of the arm G. As shown in the upper 
view, the top of the bar F has a horizontal slot J, 
which journals a hinge pin K solid with the cam. 
The operating arm of the cam can be long enough 
to be turned directly by hand, or it can be a short 
stub, so that a length of tube can be used as a 
key. The peripheral surface of the cam bears, 
as shown, against the floor of the cavity. To apply 
the clamp, the plates are arr transversely 
across the two planks, and the operating lever 
working the cam is turned through about 90 deg. 
to the locking position shown. A coiled compres- 
sion spring may be interposed between the two 
members to separate them when the cam is released. 
When used for wooden planks, the faces of the mem- 
bers next to the planks can be furnished with spikes 
or projections, while for use with tubular scaf- 
folding, clamping plates having curved grooves, 
which conform to the tube shapes, are provided.— 
February 6, 1952. 


STEAM GENERATORS 


667,425. October 28, 1949.—Economisgr TuBEs, 
Senior Economisers, Ltd., of 11, Southampton 
Row, London, W.C.2, and Lewis Empsall 
Hardy, of the company’s address. 

The object of the invention is to provide improved 
or simplified methods of forming gilled tubes for 
economisers. According to the invention for the 
formation of a two-gilled tube, two strips of mild 
steel, of a length corresponding to the length of 
the tube to be formed of a width corresponding 
approximately to the circumference of the finished 
tube, are provided. Each strip for about half its 
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width is shaped to a curvature corresponding with 
that of the finished tube at A, leaving the remain- 
ing half B of each strip in flat form. Two strips are 
welded together so that the curved portions abut 
against each other with the unbent portions project- 
ing on opposite sides of the abutting portions. The 
abutment points are welded so as to form a tube 
having two opposite diametrical gills B extending 
throughout the length of the tube. The applica- 
tion of the invention to single-gilled and four- 
gilled tubes is also shown in the specification.— 
February 27, 1952. 


GAS TURBINES 


666,416. February 8, 1949.—Gas TURBINES FoR 


Jet Prorutsion, Alf Lysholm,. of Viktor | 


Rydbergsgatan 33, Gothenburg, Sweden. 
The invention is designed to provide a small 
plant which is simple, compact and easy to manu- 
facture. It is relatively small in dimensions and of low 
weight, and is adapted for mass production. The 
plant shown has an outer shell A, which consists of 
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several interconnected parts. A hollow impeller 
B with compressor blades, is provided. The 
centrifugal compressor is a single-stage unit, with 
an air inlet on one side C. It has a pressure ratio 
of at least 1:3, preferably higher than 1: 3-5. 
The inlet edges of the compressor blades are curved 
to reduce pressure shocks. In front of the impeller 
is a system of fixed guide blades giving the entering 
air a rotary motion. To the impeller outlet is con- 
nected a diffuser with two.systems of guide vanes, 
first those for radial flow D and then those for axial 
flow HZ. The air from the diffuser flows rearwards 
on the outside of the wall of the flame tube F, 
in an combustion chamber. That part of 
the compressed air which serves as primary com- 
bustion air enters openings G, after a deflection 
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of about 180 deg. These openings have guide 
vanes. Fuel is es gs to the flame tube at the 
same place through the nozzle H. The hot com- 
bustion gases flow through the leading curved 
portion of the flame tube, where they are deflected 
about 180 deg., and enter the turbine rotor 
through a ring of fixed guide vanes J. The rotor 
is formed as a single-stage turbine and comprises 
a disc with moving blades. In the turbine, part 
of the pressure-energy and the thermal-energy 
of the combustion gases is converted into mecha- 
nical work to drive the compressor. The exhaust 
gases from the turbine pass a fixed guide vane 
ring and then flow at high velocity rearwards 
through the exhaust conduit K, in order to pro- 


duce the desired jet-propulsion.—February 13, 
1952. 

MINING ENGINEERING 
667,730. March 25, 1950.—LonewaLt MINING 


Macuiyes, Anderson, Boyes and Co., Lid., 

of Flemington Electrical Works, Motherwell, 
Lanarkshire, (J tor: Alb der Anderson.) 
The longwall mining machine described in the 
specification includes two rotary cutting cylinders 
or wheels A and B, armed peripherally with cutting 
picks C and rotatable about horizontal axes. The 
lower or leading cutting cylinder A is arranged to 
cut the lower portion of a seam of mineral. The 
upper or trailing cutting cylinder B is mounted 
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immediately in the rear of the cylinder A and is 
arranged to cut the upper portion of the seam. 
Means are provided whereby the cylinder B may be 
raised and lowered to follow any particular roof 
formation of the seam. The cutting cylinders are 
relatively displaced axially and transversely with re- 
spect to the direction of travel of the machine so 
that, notwithstanding any variation of the working 
height of the trailing cylinder, the cross-sectional 
areas of the cuts made by the two cylinders and the 
driving motor loads will always be equal when the 
machine is in operation.—March 5, 1952. 


RAILWAY ENGINEERING 

666,805. August 24, 1949.—Locomotirye SmE 
Rops, The English Electric Company, Ltd., 

of Queens House, 28, Ki ay, London, 
W.C.2. (Inventor : John Oliver Philip Hughes.) 
Referring to the drawing, on a crankpin A 
is mounted a self-aligning roller bearing B, the 
inner race of which is held against the shoulder of 
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the crankpin by the inner part of a spherical 
labyrinth seal and a castellated nut screwed on 
to a projection of the crankpin. The outer race 
of the roller bearing is held between two adapters 
D and £, the flanges of which F and @ abut to- 
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gether. The adapter D is integral with the outer 
portion H of the special labyrinth seal. The inner 
sleeves of two rubber bonded bushes J and K are 
fitted from opposite sides over the adapters D 
and E, respectively, and abut against rhe respec- 
tive flanges F and G. The outer metal sleeves of 
the rubber bonded bushes are fitted to the end 
of the side rod DZ and abut against each other and 
against the covers with their outer faces. The 
covers are held together by bolts and nuts, as 
shown in the upper part of the drawing. Lateral 
loads on the rod side Z are taken by either rubber 
bonded bush, according to their direction in shear, 
while loads in the longitudinal direction of the side 
rod are taken by both bonded bushes simultaneously. 
Angular misalignments between the side rod and 
the crankpin are taken care of by the self-aligning 
roller bearing, so that the bonded rubber bushes 
are relieved from additional stresses. A cap M 
is attached to the adapter EZ by studs. The 
lubricant is enclosed between the cap and the 
special labrynth seal and is thus separated from 
the bushes of natural rubber, which have physical 
properties superior to the oil-resistant type of 
synthetic rubber. A modified design is also shown 
in the specification.— February 20, 1952. 


Forthcoming Engagements 


Secretaries of Institutions, Societies, dc., desirous of 
having notices of meetings inserted in this column, are 
requested to note that, in order to make sure of their insertion, 
the 'y information should reach this office on, or 
before, the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Association of Bronze and Brass Founders 
Thur., April 3rd.—Clarendon Restaurant,. Hammer- 
smith, W.6, informal meeting of members in the 
London area, luncheon, 12.30 p.m. 
Association of Supervising Electrical Engineers 
To-day and Sat., Mar. 28th and 29th.—Royal Horticul- 
tural New Hall, Gre t Street, Westminster, London, 
S.W.1, Electrical gineers’ Exhibition, 10 a.m. to 








7 p.m. 

Mon? Mar. 3lst.—BournEmoutH Branco: Grand 
Hotel, Firvale Road, Bournemouth, “ 
and Characteristics of A.C. Motors,” F. 
8.15 p.m. 

Wed., April 2nd.—N. Lonpon Brancu: Three Jolly 


\pplications 
I. Bartho, 


Butchers Hotel, Wood Green, N.22, ‘* Fluorescent 
Lamps and Lighting,” A. D. S. Atkinson, 8.15 p.m.—— 
LIVERPOOL Brancz: Visit and lecture at the Works of 
the Liverpool Ele-tric Cable Company, Ltd., Linacre 
Lane, Bootle, Liverpool, 20, 7.30 p.m. York 
Brancx: Creamery Restaurant, Pavement, York, 
“ Light and Colour,” J. W. Howell, 7.30 p.m. 

Thur., April 3rd.—S. Lonpon Brancu: Cafe Royal, 
North End, Croydon, discussion on *‘ General Installa- 
tions,”’ 8 p.m. 

British Institution of Radio Engineers 

Thur., April 3rd.—Lonpon Section : London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, W.C.1, discussion on “ V.H.F. and U.H.F. 
Broadcasting,” opened by P. Adorian, 6.30 p.m. 

Fertiliser Society 

Thur., April 3rd.—North British Hotel, Edinburgh, 
“Some Aspects of Mechanical Handling in the Fertiliser 
Industry,” J. P. A. Macdonald, 2.30 p.m. 


Illuminating Engineering Society 

To-day, Mar. 28th.—BrmmMincHaM CENTRE: Imperial 
Hotel, Temple Street, Birmingham, “Light and 
Colour,” G. J. Chamberlin, 6 p.m. 

Mon., Mar. 3ist.—Lzeps CENTRE: Li 
Bureau, 24, Aire Street, Leeds, 1, “ Li 
J. Benson, 7 p.m. 

Tues., April 1st.—LIvERPOOL CENTRE: Merseyside and 
N. Wales Electricity Board’s Service Centre, White- 
chapel, weer es “New Discharge Lam The 
Extension of the Gas Arc Condition,” H. W. Cumming, 
6 p.m.——SToKE-ON-TRENT Group: 31, Kin ay, 
Stoke-on-Trent, ‘‘ Light in the Aid of Crime tec- 
tion,” C. H. Edlin, 6 p.m. 

Wed., April 2nd.—NrwcasTLE CENTRE: Minor Durrant 
Hall, Oxford Street, Newcastle upon Tyne, annual 

meral meeting, followed by E.D.A. film on “ Light- 
ing,” 6.15 p.m. 

Thur., April 3rd.—MaNCHESTER CENTRE: Town Hall 
Extension, Manchester, “Fluorescent Lamps for 
Lighting of Stage and Auditorium,” J. W. Strange, 

p.m.——NorriIncHaM CrenTRE: E. Midlands Elec- 
tricity Board, Smithy Row, Nottingham, “ Artificial 
Lighting for Cinema Studios,’ E. J.’ G. Beeson, 
5. .m, 

Fri., Aprit 4th._—BatTH AND BristoL CENTRE: Royal 
Hotel, College Green, Bristol, annual luncheon and 
presidential address. HUDDERSFIELD GrouP: Elec- 
tricity Showroom, Market Street, Huddersfield, annual 
general meeting, 7.15 p.m. 


‘ Incorporated Plant Engineers 

To-day, Mar. 28th.—BrrmincHam Brancu: Imperial 
Hotel, Temple Street, Birmingham, Annual General 
Meeting, Symposium of Films on Welding, 7.30 p.m. 

Mon., Mar. 3l1st—W. anp E. YoRKsHIRE BRANCH: 
The University, Leeds, Annual General Meeting, 


7.30 p.m. 
Tues., April lst.—Lonpon Brancx: Ro Society of 
Arte, John Adam Street, Adelphi, W.C.2, “‘ General 


ting Service 
t and Sight,” 
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Electrical Installations in Small Factories,” A. G. 
Howell, 7 p.m. 

Thur., April 3rd.—PrTeRBOROUGH Branco: Eastern 
Gas Board’s Demonstration Theatre, Church Street, 
Peterborough, ‘‘Modern Dairy Plant,” ©. H 
Macquire, 7.30 p.m. 


Institute of British Foundrymen 
Sat., Mar. 29th,.—BrisTot anp W. or ENGLAND BRANCH : 
Grand Hotel, Broad Street, Bristol, Annual General 
Meeting and Shurt Paper Prize Scheme, 3 p.m. 


Institute of Industrial Supervisors 

Wed., April 2nd.—BrrminecHaM Section: College of 
Technology, Suffolk Street, Birmingham, joint meeting 
and discussion with the Birmingham B h, Institut 
of Personnel Management, 7.30 p.m. 

Thur., April 3rd.—S. WaLes aND MONMOUTHSHIRE 
Section: Technical College, Cardiff, ‘ Materials 
Handling,” J. 8. a 7 oe ee 
Ton SeEction: White art otel, Warrington, 
members’ discussion night, 7 p.m. 

Institute of Metals 

Thur., April 3rd.—BirMincHaM Local SEcTIon: James 
Watt Memorial Institute, Great Charles Street, Bir- 
mingham, annual general meeting and chairman’s 
address, 7 p.m.——Lonpon Locat SEocrion: 4, 
Grosvenor Gardens, London, 8.W.1, annual general 
meeting, discussion on ‘‘ Grain Refining,” opened by 
W. A. ker, 7 p.m. 

Institute of Road Transport Engineers 

Thur., April 3rd—WerEsteRN Grovur: Grand Hotel, 
Bristol, — meeting, 7.30 p.m, 

Fri., April 4th.—S. Wates Grovur: Institute of Engi- 
neers, Park Place, Cardiff, annual general meeting, 
7 p.m. 





Institution of Chemical Engineers 
Tues., April 1st.—Geological Society, Burlington House, 
Piccadilly, London, W.1, symposium on the standard- 
isation of stainless steels, 5.30 p.m. 


Institution of Civil Engineers 

To-day, Mar 28th.—YorKsHIRE AssociaTION: Great 
Northern S.ation Hotel, Leeds, “‘ Recent Develop- 
ments in theDesign of Highway Bridges in Hampshire,” 
E. W. H. Gifford, 7 p.m. 

Tues., April lst.—Great George Street, Westminster, 
London, 8.W.1, “The Construction of the Caisson 
Forming the Foundation to the Circulating-Water 
Pump-House for the Uskmouth Generating Station,” 
W. Storey Wilson and F. W. Sully, 5.30 p.m. 

Thur., April 3rd.—N.W. Association : Engineers’ Club, 
Albert Square, Manchester, “The River Dee as a 
Source of Water Supply for the Wirral Peninsula,” 
F. G. Johnson, 6.30 p.m. 


Institution of Electrical Engineers 
To-day, Mar. 28th.—N.E. Srupents’ Secrion: Grey 
Hall, King’s College, Newcastle upon Tyne, ‘‘ Switch- 


gear,”’ L. Drucquer, 6.30 . 
Mon., Mar. 3lst.—Savoy Place, London, W.C.2, Dis- 
i as Applied to Engineering,” 


on “ Statisti 
opened by W. A. Carne, 5.30 p.m. 

Tues., April ist.—MEASUREMENTs SECTION: Savoy 
Place, London, W.C.2, discussion on “‘ The Specifica- 
tion and Measurement of Performance in Servo 
Systems,” opened by A. Tustin and J. F. Coales, 
5.30 p.m. 

Thur., April 3rd.—Savoy Place, London, W.C.2, “A 
Logical Approach to the Problems of Electric Space 
Warming,” D. H. Parry, 5.30 p.m. 


Institution of Locomotive Engineers 
Thur., April 3rd.—Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, London, 8.W.1, 
discussion on “ Passenger Comfort on Modern Coaching 
Stock,” 5.30 p.m. 


Institution of Mechanical Engineers 

To-day, Mar. 28th,—Storey’s Gate, St. James’s Park, 
London, 8.W.1, Annual General Meeting, 5.30 p.m. 

Wed., April 2nd.—SoutnHern Brancu: Transport 
Equipment (Thornycroft), Ltd., Basingstoke, 

ritish Mechanical Road Transport Vehicles, 1851- 

1951,” John Shearman and B. B. Winter, 7.30 p.m. 

Thur., April 3rd.— Y oRKSHIRE BraNncu: Visit to Joseph 
Terry. and Sons, York, 2.15 p.m; City Hall, York, 
chairman’s address, ‘‘ Mechanical Equipment for 
Municipal Engineering Projects,” C. J. Minter, 7 p.m. 

Fri., April 4th.—Storey's Gate, St. James’s Park, London, 
S.W.1, “Some Considerations Regarding a Factory 
Maintenance Engineering Department,” Max Bentham, 
5.30 p.m. 

Institution of Naval Architects 

Wed. to Fri., April 2nd to 4th.—Honourable Company of 
Master Mariners’ Headquarters Ship ‘‘Wellington,” 
Temple Stairs, Victoria Embankment, London, W.C.2, 
annual general meeting, 10.15 a.m. each day. 


Institution of Production Engineers 

To-day. Mar. 28th.—Coventry Section: Geisha Cafe, 
Hertford Street, Coventry, ‘“‘ Manufacture of Electric 
Light Bulbs,” 8S. R. Eade, 7 p.m. Luton Grapv- 
aTE Section: Court House, St. Albans, Annual 
General Meeting and Film Evening, 7.30 p.m. 

Mon., Mur 3lst.—Sovursern Section: Municipal 
College, Portsmouth, “‘ Machining Methods at Swindon 
Works,’’ W. Lynch, 7 p.m. 

Iastitution of St:uctural Engineers 

Wed., April 2nd.—NorTHERN COUNTIES BRANCH: 
Neville Hall, Newcastle, annual general meeting 
“ Data in the Drawing-Office,” J. Ross, 6.30 p.m. 


Juror Institution of Engineers ; 
To-day, Mar. 28th.—39, Victoria Street, London, 8.W.1, 
“ Centrifugal Pumps,” J. A. Cribb, 6.30 p.m. 
Wed., April 2nd.—Miptanp Section: James Watt 
Memorial Institute, Great Charles Street, Birmingham, 
“ Automatic Feed Press Working,” C. H. Crawford, 
7 p.m. 
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Fri., April 4th.—39, Victoria Street, London, SW. 
film evening, “The Argonarc Welding Proce, 
introduced by R. R. Sillifant, 6.30 p.m, , 

Leeds Metallurgical Society 

Thur., April 8rd.—The University, Leeds, 
Spectroscopy,” E. 8. Dreblow, 7 p.m. 

Sheet and Strip Metal Users’ Technical A 

Thur., April 3rd.—Charing Cross Hotel, London, W.02 
spring meeting, works visits to Briggs Motor Bodicy 
Ltd., Dagenham, Essex, 11.35 a.m.; or A.P.V, Com. 
pony, Ltd., Wandsworth, 1.45 p.m.; Charing Cross 

otel, ‘‘ The Finishing of Motor-Car Bodies,” 4. 4. 2 
Harvey, 6.45 p.m. ea 
Women’s Engineering Society 

Wed., April 2nd,—35, Grosvenor Place, London, §,W.) 

“* Unusual Occupations,” 7 p.m. " 


“ Meta} 


Launches and Trial Trips 


Lonpon Magesty, motor tanker; built by ths 
Furness Shipbuilding Company, Ltd., for th, 
London and Overseas Freighters, Ltd.; le 
between perpendiculars 525ft, breadth - . 
71ft, depth moulded 39ft 3in, deadweight 18,109 
tons on 30ft 5}in summer draught, trial speed 
15 knots ; N.E.M.-Doxford single-acting, two-stroke 
oil engine, six cylinders 670mm diameter by 2320mm 
combined stroke, 6800 b.h.p. at 119 r.p.m., two 
Scotch boilers. Launch, February 26th. 

LYANTEY, passenger liner; built by Forges oe 
Chantiers de la Mediterranee, for the Compagnie 
de Navigation Paquet (Marseilles) ; length between 
perpendiculars 446ft 2in, breadth moulded 63ft 10in, 
depth to main deck 36ft llin, load draught 21ft gin, 
deadweight 2800 tons; 212 first-class passenger, 
318 second-class passengers; two sets of Parsons 
geared turbines developing a total of 18,600 s.hop, 
at 200 r.p.m. propeller speed, three ‘‘ FCM/47” 
boilers supply steam at 885 lb per square inch and 
865 deg. Fah.; service) speed 22-5 knots. Trial, 
March 3rd. 


TasBoR, cargo liner; built by the Caledon Ship. 
building and Engineering Company, Ltd., for Moss 
Hutchinson Line, Ltd.; length between perpen. 
diculars 360ft, breadth moulded 55ft, depth moulded 
to shelter deck 32ft 6in, deadweight 5000 tons, 
draught 21ft 9in; five cargo hatches, one 25-ton 
derrick, four 10-ton derricks, &c.; Hawthorn. 
Doxford two-stroke oil engine, four cylinders, 
4450 b.h.p.; three 175-kW diesel generators. 
Trial: March 6th. 


Ceara, oil tanker; built by the Blythswood 
Shipbuilding Company, Ltd., to the order of the 
Brazilian Tankers’ Purchasing Commission; 
length between perpendiculars 510ft, breadth 
69ft 6in, depth 37ft 3in, deadweight 16,700 tons in 
29ft 9in draught; nine centre and six wing oil 
cargo tanks, two pump rooms, four 325 tons per 
hour steam oil cargo pumps ; Barclay Curle-Doxford 
oil engine, five cylinders, 670mm diameter by 
2320mm combined stroke, 5600 b.h.p., two single- 
— boilers, trial speed 14} knots. Trial March 
12th. 

Lucerna, oil tanker; built by Smith’s Dock 
Company, Ltd., for H. E. Moss and Co.; length 
between perpendiculars 500ft, breadth moulded 
69ft 6in, depth moulded 38ft, deadweight 16,500 
tons on 29ft 9in draught; Hawthorn-Doxford 
two-stroke oil engine, five cylinders 670mm 
diameter by 2320mm combined stroke, 5500 b.h.p. 
at 112 r.p.m.; service speed 13} knots. Launch, 
March 12th. 


Crry oF Port ELizABETH, passenger and cargo 
liner ; built by Vickers-Armstrongs, Ltd., for Eller- 
man Lines, Ltd.; length between perpendiculars 
500ft, breadth moulded 71ft, depth moulded to 
upper deck 41ft, load draught 28ft 6in ; displace- 
ment 19,645 tons, deadweight 10,700 tons; 106 
passengers; two Hawthorn-Doxford oil engines, 
each has six cylinders 670mm diameter by 
2320mm combined stroke, total of 12,650 b.h.p. 
at 115 r.p.m., heavy fuel; three 400kW diesel 
generators; service speed 16} knots. Launch, 
March 12th. 

SanpcurmmeE, self-propelled grab hopper dredger ; 
built by William Simons and Co., Ltd., for the 
Scottish Home Department; length overall 105ft, 
breadth moulded 24ft 6in, depth moulded ft, 
hopper well capacity 110/120 cubic yards; one 
set of triple expansion surface condensing engines, 
one cylindrical multitubular coal-burning boiler ; 
service speed 7 knots loaded, 8 knots light. Launch, 
March 14th. w 


RoonacH Heap, cargo liner; built by Harland 
and Wolff, Ltd., for the Ulster Steamship Company, 
Ltd.; length between perpendiculars 430ft, breadth 
moulded 59ft 3in, depth moulded to shelter 
deck 39ft 4in; 6200 gross tons; five cargo holds 
and 20-ton heavy derrick; one set of double 
reduction geared turbines, 5000 s.h.p., two Babcock 
and Wilcox, single-pass, sectional header, water- 
tube boilers supply steam at 260 lb per square inch 
and 625 deg. Fah. Trial, March 19th. ~° 
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